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Several synthetic routes were investigated for the 
total synthesis of the antibiotic furanomycin. This 
natural product had been assigned the structure 2(S)-amino- 
2-[2,5-dihydro-5(R)-methylfuran-2(R)-yl]lethanoic acid. 
Ean by tat empt stint ‘this *the'si's *to° form the desired B-C-gly- 
Cosides wiechiwomlde bes transtormed?: toe the cis-dihydro-= 
Guinan Slyctne structure! of the antibiotic* involved alkyla- 
GHons Potes-O-pr ity l—2,3-0-isopropylidene-f-D-ribofuranosy1 
chloride and modified Strecker type syntheses with 2,5- 
anhydro-3,4,6-tri-O-benzoyl-D-allose and 2,5-anhydro-3,4-0- 
isopropylidene-D-allose. Several model reactions with 
Meni yiees ns, ori (metiane wand *p—tolucnesultonyl)=B-=p= 
mibotUcan sade andieh.>—-da phenyl—2—(2°>3-O-1sopropylidene— 
B-D-ribofuranosyl)imidazolidine were investigated to 
introduce ithers—-deoxy and 2,3 unsaturated functions. The 
firetemppLlosch which: Led’ *to “the “formation of a C—-eslyco- 
syl amino acid began with 1,3-diphenyl-2-(2,3,5-tri-0- 
benzyl-8-D-ribofuranosyl)imidazolidine. Hydrolysis of 
the N,N-diphenylethylenediamine protecting group gave 
an intermediate aldehyde which was treated directly 
with sodium cyanide and potassium carbonate followed by 
hydrogen peroxide. Thetresultinge? Ss, o-enhydr0=4) 55 7-— 
trisGsbenzyl=Deglyceco=p=(alic and altro)-heptonamide 
was,;treated with-methanesulfonyl chloride followed by 
dusplacementuwithelithiumiazide®to* pive the correspond- 


ingedsaeioo amides. “PAcidShydrolysis’ followed ‘by hydro- 
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Benationvover Pd=-C gave 2-(R and oS) amano-2-—(S-D-ribo-— 
furanosyi)ethanoic acid. Inmarcontinusngs study to 
form the required C-glycosyl amino acid, the aldehyde 
generated by mild acid hydrolysis of 1,3-diphenyl-2- 


(2,3-di-0-benzyl-5-0-trityl-8-D-ribofuranosyl)imida- 


zolidine was treated as previously described to give a mix- 
PUrewO io, opanhydro=4.>—-dil—O-benzyl—-D>elycero-D-~(allo and 
altro)-heptonamides. The amide and 2-hydroxy functions 


were protected as the N,O,-isopropylidene derivative. Re- 


Z 
ACCLONMOL tne reemy—hyaroxy froup with methanesulfony1 
chloride followed by displacement with sodium iodide and 
reduction with hydrogen over Pd-C gave the desired 7-de- 
Cxyeuerivetive-. samultaneous solvolysis of the isopropyli— 
dene and amide functions was affected with ANGC(H’) resin 
in methanol. Mesylation of the free hydroxy group gave 

Het yIomO on Unv Goat.) -Cl-O-penzyl=/-deoxy—-“.-O-metiane— 
msulionyl-D-slycero-D)=(allo and altro)—heptonoate.9 =De=- 
Denzyiatoon mero leowed by reaction with diimidazole thio-— 
Carbonate gave the 4,5-thiocarbonato derivative. Reductive 
elimination with trimethylphosphite. (Corey-Winter pro- 
GCedure) eave methyl 3, 6-anhydro—-4. 5, /-ti 1deoxy—2-O-nern— 
aneeulionyl—D—(ribo-and arabino)—hept-4—-enoate. Attempts 
towdisplace= thes 2-O-mesyl function with agide weremunsuc. 
Geass cul Diet te ria bewa pp moO diGil, stcltenlyarOdy cic ©O1 mle o— 
diphenyl-2-(5-0-benzyl-2,3-O-isopropylidene-B-D-ribofurano- 
syljimidazolidine gave the free aldehyde which was 
trepredeaseberore to pive 3,6-anhydro~/-O-benzy1-4,5-0- 


isopropylidene-D-glycero-D-(allo and altro)-heptonamide. 
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After protection of the 2-hydroxy function with acetic 
anhydride, the 7-deoxy derivative was introduced by 

the following series of reactions, debenzylation followed 
by mesylation, displacement with sodium iodide and re- 
duction of the iodo intermediate with hydrogen over Pd-C. 
Deprotection of the 2-acetyloxy derivative with methanolic 
ammonia followed by mesylation and displacement with 
lithium azide led to the formation of a key intermediate, 
PO AtivyeLO-2 ado /—dLdeoxy—-4,o-Orasopropylidene= 
D-glycero-D-(allo and altro)-heptonamide. Concomitant sol- 
volysis of the amide and isopropylidene fanetions was 
achieved using ANGC (H’) resin in methanol. The resulting 
Q-azido ester was treated with diimidazole thiocarbonate 
COmeivemiLlcud.)-U-tniocarbonatomintermediate. Reductive 
elimination’ of the thiocarbonate function with trimethyl- 
phosphite gave accompanying reduction of the azide 

Puc. Oli. 

Hvdrolysissot this intermediate with IN sodium 
hydroxide gave the desired products 2-(R and S)-amino-2- 
[2,5-dihydro-5(R)-methylfuran-2(R)-yl]ethanoic acid. 

This S-a-amino product, however, was not identical to the 
natural antibiotic. ~“FurtGher collaborative ctudies sresul— 
ted in the assignment of furanomycin as 2-(S)-amino-2- 


[2,5-dihydro-5(S)-methylfuran-2-(R)-yl]ethanoic acid. 
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Mierobes produce’ substances that can interfere with 
the normal function of other microorganisms. These in- 
hibitory substances are called antibiotics. Antimetabo- 
PLtessawitech anchude chemically synthesized substances, 
are inhibitors that interfere with mammalian and/or 
bacterial cell metabolism such as the inhibition of an 
enzyme (usually in a competitive fashion). . Competi- 
tive inhibitors are thought to combine with an enzyme at 
the same site as the natural substrate, compete with the 
HaeELereand prevene the utilization of* the normal substrate. 


Antibiotics can disrupt metabolic pathways by 


several mechanisms: 


(a) Ii pot pLoneot celts wall wsynthesis. (e,¢. bacitracin. 
SenlalLospOrin  penicit! Mins cyeloserine ~ristocetin, 


vancomycin) 


(b) inibition of cell membrane function (e.g. amphoteri- 


CAnmo ecCOl chin menystatin., polymysin) 


(CCyerinhiptticpvolLe protein biosyoutnes1 Gale. Calo Uron ye ian 
chloramphenicol, erythromycin, Jincomycin, pbetra— 
cyclin, amikacin, gentamicin, kanamycin, neomycin, 


streptomycin, tobramycin) 
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(deen bit oOnwotanucleic acid biosynthesis (e.2¢. nali- 
dixie acid, novobiocin, pyrimethamine, sulfonamides, 
Leamebhoprim, 1 Liampicin, actinomycin, mitomycin: 


halogenated pyrimidines). 


PuUranomycin sam antanuwotic Lisolared from culture 
filtrates of Streptomyces L-803 was found to be a con- 
PEbILIVe tnt ba Locos b—i1soleucine ~incorporation. The 
physical and spectral dataktobtained’ for the natural 
anti ptoOul ce by Katagiri and acoO-workers an 1967 and the 
chemical synthesis of racemic ae ee achieved by 
Masamune and Ono in 1975, led these workers to assign 
PhemStluctucve Omeruranomycin as 2(S)-amino—-72—{[2,5— 
UPiyotoO-—o nh) -netnyituran—2—(k)=v il | ethanolic yacid a, alt 
Wase0) interest to chemically synthesize this antibiotic 
econ D-piboseesingestiie stereochemistry jhadinotebeen 


defined clearly. 


AMD CLE Lent elOry OL Antimetabolites 


The fundamental concept of antimetabolite activity 
was described by Ehrlich as early as 1906, when he 


Sugpesteaq that it should be=~possible to use substances 
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Om CLO Cecthing Creanisms bub not to human cells. 


During "the 1930-1940"s studies by workers such. as 


Foerster, Domagk and Woods peg led to the observation 
Evin SUL ogame dae sl). whieh are structurally related 
SO>NHR 
NHo 


to p-aminobenzoic acid (a required vitamin for certain 
bacteria and other microorganisms in the synthesis of 
Colmesacid)eeertectively inhibited the growth of 
Daccertavincluding streptococci and pneumococci. 


Thestherapeutic use, of penicillin (2) by Florey 
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; TOs 
by Fleming : ie LIZ eheralded what. isrdescribed. by, many 
BSeecnemeAnrt biotic bra. he term antibiotic... asi defined 
today, was originally introduced by Waksman r¢ in 1942. 


Streptomycin (3) was first reported in 1944 Bi and 


0 HO 
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represents one of the first members of a new class of 

antibiotics called aminoglycosides. Even today, it 

remains as one of the preferred drugs in the treatment 

of tuberculosis. A detailed mode of action for strepto- 
, ; 4 1S 

mycin has been reviewed by Tanaka. Dutcher has 

classified (the fglycoside antibiotics into six subgroups: 


(1) those completely carbohydrate in nature, (2) those 


carbohydrates with unusual amino acids, (3) macrolide 
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antibiotics, (4) pigmented glycosides, (5) nucleoside 
antibiotics and (6) polyenic amino sugars. The class- 
ification’ "and chemistry of these plycosides» has) been 
the subject of several ay coeniese ones” 

Diverse classes of antibiotics were discovered, 


such as polymixin and chloramphenicol Pe 


OATS 
: eo ae se ae 

chlortetracycline in 1948 and erythromycin in 
1952. The structural relationships, resistance mechan- 
isms and biochemistry of these and other antibiotics 
have been discussed in Hapa COP 

The study and identification of nucleoside anti- 
biotics began with the isolation of cordycepin a (4) 


in 1951. Many examples of derivatives and analogues 


of adenosine (5) or cytidine (6) appear as nucleoside 
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waren dea et Two main classes can be distinguished, 
the aminoacyl nucleosides which act as inhibitors of 
protein synthesis, and the adenosine analogues which 
act as antimetabolites of adenosine. Related to these 
nhucteosides= 1s sthe family of antibiotics known “as the 


polyoxins (i). 80f the twelve) polyoxins Datta ly aso Lae d 


O R = 
I R l CH, OH, COOH, CH, 
HN 
COR | Ro = S-tiunyligene-l-azetidines: — 
cme REN carboxylic acid 
R_HN 
3 O 
R. = 5-0-carbamoyl-2-amino-2-deoxy-L- 
3 xylonic acid or 3-deoxy deriva- 
tive 
HO OH 
all 
; 28-30 ; A : 
and elucidated, MO ower COm Sele CLA Vel ya tOsd CUO mith oa 


‘but have no Lin LCOLymactiy Lily towards other oreandcmes. 

The chemistry and biochemistry of the nucleoside anti- 

biotics has been reviewed pe ese ee I ee 
DHemECeiiit (Catt OnwOr spoeMdoUL dine Go) me ieee 


RNA Ses a) 


was followed by the isolation of several 

. Zo : Ais Ok : aes 
other C-nucleosides Witches how van ti Dolio tel Crea Galvin 
The structures, chemistry and biochemical properties 
COREL WeSeraAltibaotics Such Tas tormycin: (9)),) .Oxazino— 


mycin (10), pyrazomycin (11) and showdomycin (12) 


has stimulated considerable interest in new research 
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Furanomycin - fsolation and Structure 


Aieautap Lots Celso LaAted= from cuLture t1i1trates or 
Streptomyces L-803 was found to inhibit the growth of 
coliphage T2. The active principle, designated as 
Siesewinae teed decolorized aqueous permanganate and 
bromine solutions, showed an absorption maximum at 196 
nm and readily absorbed one mole of hydrogen. These 
facts indicate the presence of a double bond. Furano- 
mycin as well as the dihydro derivative gave a positive 
Niivyarriietest.: Nis ee tOcetnerewLcle tune soDSehVa ton 
that the circular dichroism spectra show positive 


Cotton effects for both compounds suggests that furano- 
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Dye tees Aven Oo -aneno aeid. ~ There PMk spectra” of Lurano- 
MyovMeC tam awedmamdotbhet at 6 (1.33 (J i= 6.4 Hz, 3) for 
HeseCOndamyeanetiyis eo roup. a doublet at 6 3.82 (1° = 2.6 
He lero mee p lO Rogol an O-amino acids a quintet at 
See Cll Peeomemulta pe teat 0 5.42) Clnjmandean AB quar— 
Goes Ooo eon Or om (Je Oro HZ, 2H) echaracteristic 
POLeCOUDLeEDOndepLovons. slhis data isi ‘consistent’ with 


Blew CODOS Cmte GUCtURC sLOtmmLUranomyc tm a( i353) sOt wits 


diasteneomer mC.) By means of chemical degradation, 
CO>H COoH 
HoN HoN 
H3C 4 9 CH3 
he | 


furanomycin was converted to 2-hydroxymethyl-5-methyl- 
FetranvaralLuran. “This compounds wass, chemically @syn— 
thesized and proved identical to that derived from 
fPuranonyoin.  Lhissconfirmed® thes basic carbongskevetonr, 
Proton spin decoupling experiments one lo ndacaled wa lance 


COUuplanes constant oC) 


J3 6 5.7 Hz) between H. and oH 
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Mo -GinvdtoLuranecing we ltewace concluded that turano— 


Mec ewes Co a amino2—| 2 o-dilydro—5 (R)-methyliuran- 
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Deon yeyokethanrorceacid (lojeor its diastereomer (14). 


BroLogical ACCIVLTY 

Furanomycin inhibits the growth of several micro- 
GLea@itstae s lie sihntpitLon Of ¢row~h Of BSeCherichia 
CUpeumby sturanromyvcrn (0.5) — 2 lM) was Lound to be 
Reversed py Ttsoleucine, Valine and "to *a "lesser extent, 


leucine. MVISTOtierewamilio acCtas erested "for ereversa lL 


exhipa ced) no vertect.. bhesratio vor concentration of fur— 
anomycineco asoleucine (0.1 —) 10 UM) eEormcomp leten tnitt pa 
tion of growth was approximately ten. Valine (0.2°- 0.5 


uM) was as effective as isoleucine in reversing the in- 
HED LoOuma EeeOWweCOncentnations but was inetfective at 
prc nemecorvcentLations. shus, it. is thought that ‘the 
mechanism of reversal is different for the two amino acids. 
The studies indicated that furanomycin is a competitive 
cor of L-isoleucine WLLL eet Ol. 

Currently there are several known antagonists of iso- 


leucine. These include Teme ee wae 
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methallylgly- 


pedeiviroidal cued emi so (hae amin oe en eee 


hexene-4-(R,S)-yl)ethanoic ced a 2-(R,S)-amino-2-( 


Cine, 


cyclopentene-3(R,S)-yl)ethanoic See ie cyclopentane- 
ae O-methylthreonine se and Bonydrowmtencinete 


It has been suggested se that) because of the structural 


Sieve enuLaAnonyc ine LOmcvCLopentane ~lyvcine one 
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might postulate a similar mode of action. Cyclopentane 
glycine had been determined to prevent the growth of 
Esenenksehilascokretar concentrattons “of >20°— 30 pg per 10 
iim OmecChercommoneaming acide. wti lizged in, protein aoe 
thesis, only isoleucine, leucine, valine and threonine 
reverse the toxicity of cyclopentane glycine. A ratio 
Cig tpi LOL wtoOndsoOleucine of vapproximately thirty was 
required to produce completelinhibition with concentra-— 
Ei OnSseOr 1 sO.reuGines varyine. trom 3 —) 3500 te per 10 mi. At 
higher concentrations of isoleucine (300 - 3000 ion er 0 
(i jeunlowtattOnarLop ped stomten. lhe erfects of Veucine or 
valine on reversing the inhibition by cyclopentane gly- 
cine is decreased in the presence of isoleucine. The 
results with valine and leucine may be related to the 
suggestion that these substances furnish some limiting 
SU cccurcOmecoOiwe CicmpTOsyvntiesd.c. Of, 1 SOLeCUCINeG. [tl “1643, also 
possible that at higher concentrations, valine and leu- 
Ciliemmay, uisplace the anhibitor and substitute gor iso— 
Lediciiesine some particular ituncti1on.. | iheseversatso. 
cyclopentane glycine inhibition by a-keto-§-methylval- 
@ric acid, the keto analogue of isoleucine: was also 
studied. It was suggested that the keto-acid was a pre- 
cursor for isoleucine and also performed some other 
function essential to isoleucine metabolism. 
tewloemiiGeLeotineg nomnote that an antitumor anti- 


biotic closely resembling furanomycin was isolated from 
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Streptomyces hibits: Ci Diemac sive «substance, @ 2.09 )— 


amino—2=|3-ehloro-4. 5-dihydro-isoxazol-5(S)-yljethanoic 


aerde (5) *was found *to*be"a “powerful inhibitor “of mammal- 
COoH 
HoN 


Lan and bacterial reactions involving transfer of nitro— 
genecromeL—-glutamine.  L[his®imhibitorepreventedmthe 
utilization of L-glutamine by L-asparagine synthetase 
inemouses pancreas and tumorwtissue in vivowands in vitro. 
phew eesultsc=fromn the vine vitro studies indicated the in- 
bap veron evo pDe competitive, inv nature. 

Ambeatityvyeot antituncad santibiotics, ther polyoxins 
(2) produced by Streptomyces cacaoi var. asoensis 
also appears to be related to the structure of) furano— 
mycin din some respects.y The; biological activity of 
Chew polvyoxins issuntque yin that. they, are ispecsiicealiy 
dnunipswonry tO phytopathogemic funei but lackeactdva.y 
against gram positiveeand,,gram negative bacteria. 
Studies. indicated that; uptake of) plucosamines was) dnhib-— 
Leeds byeitihe podsyorin sas eel ndepisuie¢es ted) Giaistenersate oF 
MctLont may be welateds tos celd wail? chitinwsynthesis 
Siivcemeliic caine unust ybelconvertied: tovuridaine: di phos= 


phate-N-acetyl-glucosamine (UDPGlcNAc) before incor- 
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poration into chitin. It was suggested that polyoxin D 
and L may indeed be structural analogues of UDPGIcNAc. 
The kinetics of inhibition have been shown to be conm- 
petitive and the blockage is reversed extensively by di- 
peptides such as glycyl-D;,L-vatline and D,L-alanyl- 


SLvVeine. 


Synthesis 


50 
Masamune and Ono reported the synthesis of race- 


micyEunanomycin in) 1975easeshownvin Scheme yl. By 


CHoOCOCH3 CH>0COCH3 
H2C  CO>H H2C O H2C NOH 
oats Sheen Nee 
meee re Se ee —$——— > —_—— 
16 Us 18 
COsCH3z 
CO5CHz CH5OH 
H3C H3C NOTHP H3C 9. FNOTHP 
hace Et senae bas 
al 20 19 
SCHEME 1 


means of a limited Birch reduction on 5-methylfuroic 
acid, they isolated cis-5-methyl-2,5-dihydrofuroic 
acid (16) in approximately 40% yield. The acid 16 was 


converted to the acid chloride which was treated with 
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ihSks 
diazomethane and acetic acid to give the keto acetate 
CI¥) eee lhesderived oxime.18 was, obtained in overall yield of 
472)from 16. The oxime. acetate, (18) was blocked with di- 
hydropyran and treated with potassium carbonate to give 
themalcohod, (19). Liteealconolewoaseox1d) cede lo athe 
acid and treated with diazomethane to give the methyl 
Scperm(2O)wings 7 A yield. ihe tetrahydropyranyl ether 
was deprotected with acid and reduced with aluminum 
amalgam to give the a-amino ester (21), (8%) after chroma- 
tography, identical to that derived from furanomycin. 
The hydrochloride of this G-amino ester was hydrolysed 
ipebasemandsouriiicd by paper chromatography, to give D,L- 
furanomycin (69%), identical to an authentic sample by 
paper chromatography, TLC and PMR.spectroscopy. 

The absolute configuration still remains unknown 
because their product was a racemic mixture of D and L 
furanomycin. A stereo-defined synthesis of furano- 
mycin from D-ribose would determine the absolute con- 
LLCUr UaLote wwGnOULSGUeStion. | such a project would in= 
volve aspects of both C-glycoside and G-amino acid 


synthesis. 


Survey of C-glycosides 


As @arly as 1850, C-glycosyl compounds were isol- 
ated from plant’ “Sources #°eNo definitive work jon struc 


ture determination appeared until the 1950's when 
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51 
Muhlemann proved) the Structure of? Barbalcinuto be 
ayG-)-elucosyl derivative of 1,8-dihydroxy=3=(hydroxy- 


methyl)anthrone. Haynes Bee 


has reviewed the early 
history of isolation and structure determination of C- 
carbohydrate derivatives reported prior to 1965 such as 
Antnmocene. Bergevin, Mangliferin and «=glucosylfla-— 
vones. 

Recenttyeac-nuc eosides isolated from natural sources 
have received much attention because of their similarity 
to normal cell metabolites. Many of these nucleoside 
analogues show antiviral and antibacterial activity and 
can be employed as important tools in metabolism studies. 
Stimulated by these results many new methods for C- 
glycoside synthesis have recently been developed. Re- 
views by Hanessian and Pernet Be as well as Daves and 
Cheng aoaly outline and evaluate current procedures in 
this area. Although several indirect routes are des- 


cribed, there are four general methods that prove to 


bemsvuthetically useful: 


Le 8-D-ribofuranosyl Cyanide 


One of the more widely used starting materials 
Gitectly incorporating. 4a) B-C-glycosyl functionality 
is02,555-tri-O-benzoyl—-p=-D-ribofturanosyl cyanide (22) 
developed by Bobek and Rocio. Functionalization of 


the nitrile was achieved by Moffatt and co-workers ae by 
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Fels 
UN 
ove CN HC 
BzO O RO71_0 h 
CeHs 
BzO OBz RO OR 
22 23 R= Bz,Bn 


reduction to the imine and spontaneous hydrolysis to the 
aldehyde which was isolated as its N,N-diphenylethylene- 
Gramiterlcrivatives 23> lies t,cesaldehyde sw cenerateds by 
miid acid hydrolysis, proved to be quite versatile in 
the synthesis of many C-nucleosides. This was accomp- 
lished by reaction of the aldehyde with sodium cyanide 
ange pyarorensveroxi1ce LO give an d-hydroxylamide déeriva— 
Binge oe by/reaction of the aldehyde with Wittig waboya savers 


; ; Les : ; a9 
Greuy elaboration Ol its oxime derivative. 


2. Condensation with Carbanions 
Becausecsotpethesknown problems with 152-0-Ketal 
‘ 60 : : 
formation encountered in reactions of glycosyl 
halides with carbanions when a C-2 participating group 
is present, sugars used in these condensations re- 
quired) benzyl or isopropylidene protecting eroups- si ra 


O-benzyl Ts (24). ase WeLdaas 5-O-trityl-2,3-0O-isopropyli- 


dene-f$-D-ribofuranosyl chloride oS (2) Shavespeen acon 


densed with sodiodiethyl malonate and its derivatives. 
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Pia ceintevectameethatathissreaction with 25 gives pre— 

dominantly the a anomer, implying it is the thermodyn- 
A 62-65 

amically more stable product Unde Guu ce Ley et sS- 

ible reaction conditions. Tri-O-benzyl ribose has also 

been reacted with Grignard reagents to give alkylated 


products at Colmes 


$y Wittig Reactions 


The most versatile route to C-glycosyl ethanoic 
acid derivatives was achieved by reacting 2,3-0-iso- 
puopyd dene Libose denpivdacives and 2,3, 5—tri-0-Denzoyl 
ribose with substituted methylene  tholstpth obiaints olla: This 
results in predominate if not) exclusive’ formation ‘of 


the B-anomer. 


4. Condensations Employing Lewis Acid Catalysts 


In the first reported synthesis of showdomycin, 
6 2 s 
Sorm and Te NOT coupled sugar halides with 1,2,5- 
trimethoxybenzene USINSe ZING Oxide as catalyst. ihe 


coupled product was ozonolyzed to give an a-keto ester 
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followed by a Wittig reaction and ring closure to the 


nucleoside. Several aromatic C-glycosides have been 


prepared by Kalvoda oe and Ohrui AY using Lewis acid 
catalyzed couplings. Condensation of 1-O-acetyl ribose 
derivatives with silyl enol ethers and silyl ketone 
acetals catalyzed by stannic chloride produced C-glyco- 
syl eaaynenetlon (S UieicenocewoTiny etndteamaxtureseo. 
anomers were obtained under these acidic conditions. 
More recently, diverse methods have been employed 
to synthesize C-glycosyl compounds. Nba ee pre- 
pare 2,5-anhydro-D-allose derivatives by diazotization 
of a-amino-2-deoxy pyranosides have been Sak 
Isopropylidene ribose and nitromethane have been con- 
densed to give a and §$-ribofuranosyl nitromethanes in 
low swiss the preparation of several C-nucleoside 


analogues, B-D-ribofuranosyl aaNet aah propiolates ie 


and 3-cyano-2-propenoic acids have been descrepecmae 
Chain, extension and chain branching reactions in car=— 
bohydrates by Grignard reagents, Wittig reagents, base 
catalyzed aldol condensations and displacement with 
carbon nucleophiles, have been reviewed in de gen meanee: 
Several novel approaches have recently been de- 
veloped in an attempt to formpC—glycosides from non= 
CarboOlyaretemprecunsore. As Garly as lLOy3, Slust and 
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addition of methyl-f-nitro acrylate with furan. Chemical 


modification of the adduct 26 eventually gave racemic 


Xx ie COsCH3 O OH’ 
ibe 0s0,, Ay 0, 
2. H’,DMP O 2. NaBH, O 
a Oe 
awe BU a 310. 
th 
OF-O OFFO 


26 X,Y=C0sCH3,NO> oN 


Zoo -anhydrOallose .(2/)... A similar serilesyot reactions 

beginning with cyclopentadiene gave the carbocyclic 

analogues. These derivatives were employed in the forma- 
: ; : 82-90 : 

tion! of) Several’ racemic C-nucleosides* Schmidt 

and Lieberknecht 2a have developed an elegant chiral 


synthesis. of) Doand@L ribéose *derivatives*28* starting 


WetWezoa, sche wictis-Alder adduct of vinylene carbonate 
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and furan. In a similar series of reactions other 

' 92 
workers have treated 1,3-diethoxycarbonyl allene 
Wit eturanetOmeive a racemic product (29a)vthat was further 


ROC eLedst oer ivemehemkey Intermediates, 0s tmmuneir sync 


thetic scheme. Tetrachlorocyclopropane was reported 


EtOoC CO> Et 
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1.0s0 
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Ze abet Sy ,»acetone 
He q 
22 


tomreactawith turan "to pive an Antermediate (303) which was 


29a 


chemically straustormed to a mixture of D and D@ribo- 


buranocyleaces1 ce wacidaderivatives (30). —As "part ora 
COoCHz 

Cl | 

‘ee LiAlH, CHo 
Oia as 2. Neo HOw? 
sip H yacetone Sir NaBH, 
OF-0 
30a 
10) 


study in C-glycoside synthesis, the reaction of 


CU. vou Letrabromoacetone sand furan. catalyzed, by 


LEOpDwcatbonyl cgave j3la. ae An optically re- 
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solved intermediate 31 was used to synthesize the C- 


I 047° 
OS O Co 
Ee O & 
Zoo macerone 


3. CF,CO,H 
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nucleosides pseudouridine, pseudocytidine and 5'- 


95-97 
modified derivatives. 


DUbVeye ol Pa-AminoyAcid Syntheses 
Because furanomycin can be considered as a C-alkyl- 

ated derivative of glycine, a route could be devised 
to the title compound by elaboration of a preformed 
GQ-amino acid or its precursor. 

There are several well established synthetic 

8-10 : , 4 

routes S s to Q-amino acids among which are the 
Strecker synthesis and its modifications, amination 
of a-halo acids, Curtius rearrangement of azido acids 
and reduction Of \o-oximino: esters, Alkylation got 

; s 101 ? LOZ 
substituted acetamido, a-formamido, Q-phthal- 

BOS ; 104 ; 
imido andr hi .2.0 malonates also provides a versa-— 


Gile route to W-amino acids. The condensation of 


active methylene compounds with nitriles and alde- 
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hydes ine pariiculars thes hrlenmeyer azalactone 


Synthesis, has been extensively employed. 
Monessiecentg ye, several methods: to,alkylate protected 


amino acids have been developed. Such procedures include 


Senin hyde Are eee silylated amino Bcide N,N-di- 


methylaminomethylene protected amino pedoe ge N-benzoyl 


: 114 ; ee : 116 
giveine, Qa-isocyanoesters, ethyl nitroacetate 


andeet—(ehd ral PUN ereed eo i ed ae ol neomen eases 4 


Various other methods used to synthesize several amino 


acids include the reductive amination of a-keto esters 


PGs eal 9 


with sodium ~cyanoborohydride and ammonia, oxida- 


‘ : : ; , 120 : 
tion of amines with ruthenium tetroxide, amidoalkyla- 


12 
tows OLet ins, : Grignard reactions on ethyl N-tri- 


122 as eels 
chloroethyl carbamate, modified Strecker synthesis, 


and nucleophilic displacement on 2-acetoxy-2-amino acid 


; : eee 
. derivatives. 


A subject more closely related to this thesis is 
that of q-amino acids substituted by carbohydrate 


derivatives. Several of the. earlier studies! involved 


Oe? 
the G=4 derivatized sugar component of polyoxin, 2 : 


the synthesis of deoxypolyoxin C and thymine polyoxin 


end 1- (5-amino-5-deoxy-8-D-allofuranosyl uronic acid)- 


each oe and G-3 eee 2 as) well jas, C=2 hee linked 


C 


aba lLoruesnor apolyoxin. )O-pilvecosyl anino atidss linked 


to C-1 of a carbohydrate have been prepared by reaction 
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Apa 
of ethyl isocyanoacetate with D-manno-1,4-lactones. This 


gave B-D-mannofuranosyl glycine (32) which was further 


couvenmtedsintop-l-lLyxofuranosyl glycine CEG ae 
HO COoH COoH 
HO NHo NH» 
: HOgdeac 
Way OH HO 
ae 38 


Similar reactions with ethylcyanoacetate have been re- 
| 137 
ported on ketoses and aldoses. The reaction of 2- 


phenyloxazolin-5-one with a-acetobromoglucose or D- 


allose derivatives was reported to give (R,S)-a,B-D- 


Dior ence tel eine 6 (a) wi thethen corneneand 
3- (8-D-ribofuranosyl)-D,L-alanine “>” (35) with the 
Pawleys. 
COoH 
HO ae 
HO O 2 
CH(NHp)CO>H ial ee 
a8) OH 
34 HO OH 
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Our early attempts to form the desired B-C glyco- 
sides involved the alkylation of a ribofuranosyl chlor- 


62 


ide derivative as described by Fox and co-workers. As 
: 140 f 
Seveomuetssthesreaction of ithe chloro sugar (36), in 


dimethoxyethane with diethyl malonate and sodium hyd- 


wlCemcavceammixbulesor mand) —p isomers 137 and=36. The 


TON OLE 


Rj 
OurO 


Q0 ~ 


37 R= H Ry= CH(CO,Et), 
36 38 RyzH R= CH(CO,Et), 


reaction appeared to be quantitative as judged by TLC 
(Ccoluene—erner, (10: i) astarting wmaterial Re — eS 


product Re =S0 (S29 eanGwO.4)) a Lnewratio lof thesnorce 
polar isomer to the less polar isomer was estimated 
byelLOgto Lavor thestormer, (2:1) ,after a reaction time 
Giworeuhoute es Proloneced heating w(l2Z-1/ hj)gchanged this 
Eaitominieravorl OletieaLess polar iSomers (lia) Ord can — 
ally it was assumed that the more thermodynamically 
Stable, sless polar isomer, was, the, desired| sh lisomer. 
this assumption was based sonesthe anticipated ssteric 


interference between the isopropylidene and diethyl 


malonate groups. However, reinvestigation of this 
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reaction by Moffatt and co-workers oe prodicedeevi cence 


POmCne contrary . It had been established that the C 


- , ak 3 
Stbene seein. the ac NMRVspectra, of, pentoturanose deriva— 


s 


PivescwoccUimatantoner field for a cis relatdonship bet — 


ween Ce and the hydroxyl group of C4 thanwthne trans -con— 


figuration. The same appears to hold true for Cy when 


there is a cis configuration between C 


From the is Nibmspec iia Uedataeobitainedmrorss /eandmso,ueat 


OH and the aglycon. 


C 


Wass CONnCHuUded that since the chemical, shifts for Cy 3 


and CF of the thermodynamically more stable isomer were 
upfield from those assigned for the kinetic product, the 
Q-isomer was the more stable and predominate product. 
ABeenmpts. tO Lumther transrorm the product by de— 
Garbpoxy lation using NaCN/DMSO,  Lilt/o-collidine and 
KOH/ETOH only led to decomposition. Problems involved 
with these basic hydrolysis conditions were probably 
pended by anion formation at the diethyl malonate 
function. For this reason monosubstituted malonates 
were then investigated. It was hoped that the kinetic 
or 8B isomer would predominate since epimerization would 
not be possible once the product was formed. Using 
similar conditions to those described for diethyl mal- 


Al 
Onate, both of the products with diethyl, nitromalonate 


142 
(39) and diethyl acetamidomalonate (40) appeared 


Dv LOmcO eeu VercOOdsyteldsmoL a mixture of Wand 6 


ea ne 
Sone De ¥ rey ai edxoWw—on bee tual lot yt Boba 


i ' | (és23.9 wan bat a »¥VVETSASS S07 ne 
r ' 
er} 
is re Teeene 7c 1h i. BSc EMA.) a3. Hg ilaocgra 
' ’ . 
7 7 Low eh “07 bled? > ii “pedo Sonkg — . 
7 
é ‘ 7 ! reie , = be : 4 4a4 = > se / _ 
c 
Dey ‘ 7 if) 174, e70R kt _ 
} { | i i 1 | ‘ * ee | 
] a : } et eS rma8 ee 
\ 4 t is 4, > BL®@ 
nt 
. rat : 4 P| ine j iy s bare 
; aT 
id ~S i ; y) shee a5 . HiLetig _ 
iy ; t | > rota TOM wae 2 
i 
— 
i ra ; } 11Le | ; 7 ; rah 
7 wi 1. e yy j 4 « ti 7 ie '5 a p “i ‘ ae , nol ime 4 20d 3e> ; — 7 
eer Lenin ie a roti i epatatot het ¥igo 2eta\so 
_ 
7. a ui ip Pa.bbrers alavie ‘qd. Slag oeoety €eiv 
bd A ade? te = | v \ _ > 
— ee 
bs BN BOP Dil ee oe Sh Tho Pt ado? aon we Dao gees > >: 
sec ive hoagi sa seg porgn wonsoy aisle orgs 922 Se ie 
Jisenca o13 weds: baye! eaw 31 mo estcreavas ren a ial - SS 


bedi wiz wehra stags) eo Higie Saauiwsbeida ai Tufine BEY ri . iam 
_ 
ama use soe Svs SoS id ekg, at om 
iso 
ec aM ne ics oe ie 


_s ‘af tug 


Zire 


Tro“ 0 
R= CNO,(CO,Et), 


IS Is 


R= CNHAc (CO,Et), 


-isomers (toluene-ether (20:1), starting material Ry = 


ORL eee DOO muc t Re =eeUGts aid £0. 2) sence shown Dy LLG... Line 
more polar isomer predominated (4:1). If the analogy 
can be drawn to the reaction with diethyl malonate, this 
more polar isomer would be the desired 8 isomer. How- 
ever mnOmCtetinteaverstruccuraleproot was, completed. 
Chromatography of these malonate sugars led to decompo- 
sition in varying degrees. This was probably due to 
iciemacla slabtlityeOonhmthe protecting groups.) | Neutraliza— 
tion of the silica gel with saturated methanolic ammonia 
LOiloOwedmpDVymadryineo eon the silica tnder vacuum vappeaned 
to reduce the amount of material lost during chromato— 
PoLApN. BAWLol thiss pretreated usil1caless OD ands 0ew ere 
obtained in yields of approximately 45-504. — Since ginese 
preliminary experiments did not give the B isomer ex- 
Clusive hy wand sche isolation -protedunes gavel unsatis— 


factory yields. this approach was not investigated 
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A seemingly more viable route involved starting 
wichethemimidazolidined(23s;Re=eBz)eincorporating.a 
preformed 8 C-glycoside linkage. Following the Pro~ 
cedure described by Moffatt, Me treatmenteofethis,inida— 
zoline with three equivalents of p-toluene-sulfonic 


acid monohydrate gave the free aldehyde (41)which was 


HC=0 
Bz07|_0 


BizO Oz 
a 


GoecdewlenOuUt =euTther PuLtid cation. -*lhils “aldehyde proved 
to berrelatively stable in” subsequent reactions if used 
immediately. If it was allowed to stand at room tem- 
perature extensive decomposition occurred. After gen— 
erating the aldehyde intermediate care must also be 
“taken to Neutra Ze meuer excess, acid withysolid, sodium 
DiceLpouace.ams taemocit ol "Ghe 2cid) was mot removed sin 

this manner, decomposition resulted when the aldehyde 
solution was concentrated. Several modified Strecker 
type syntheses were investigated with the aldehyde. 
Reaction of 4), with sodiumiecvyanide and Bene vee ee 
gave a single product. However, the proton NMR spectrum 
revealed that no’ benzyl groups were present. Mass 
Spectrometry was not consistent with the expected a- 


benzylamino nitrile derivative. As will be shown 


TALet et yuo pLOduct was actually the Q—-hydroxy nitrile 
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derivative. Similar reactions of 41 with sodium cyanide, 
potassium carbonate and hydrogen eae, or sodium 
cyanide and ammonium carbonate es resulted in hydroly- 
sis of the benzoate groups under the basic’ reaction 
Congi tious. 

Natta and Pasquon tie described the synthesis of 
several d-amino acids from oximes using sodium metabi- 
Sulfite and sodium cyanide. Similar treatment of the 
oximeswcertvative of 41 (described by Moffatt a gave 
NONGMOLMChemceci Ted O-aminognitrile. The product that was 


isolated appeared to be the a-hydroxy nitrile (42) 


CN 
0 OR 
BzO 42 R=H 
43 R=Ac 
B20 082 


as deduced from the elemental analysis, PMR and IR spec- 
Cram both the protons NMR and) LRespectra, indicated the pre 
Sence of hydroxyl and benzoyl groups. The IR spectrum 
Shoawedmnoenabsorption ton a nitrite: function.” [his icenot 
unusual since it is known that electron withdrawing sub- 
Stiatuents adjacent to the nitrile reduce irer intensity 

of the nitrile band normally found at 2240-2260 caw 
Unexpectedly, it was then observed that 42 formed readily 
ine 9i74 yield upon treatment of 41 with sodium cyanide. 
RUENOUPIMILN ibe materiale (AZ )jewas stable if kept. as a 


Syrup at O0°C, attempted chromatography resulted in 
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isolattonvoktonly Ja jpartially ipurified product... This 
resultiiwas "contrary to thatereported for the tribenzyl 
analogue. DimthatGecase,. the Gyanohnydrin product coulds. 
nOtebe isolated stiince it readily reverted to the alde- 
Hydeewhumebereprogie for the proposed structure (42) 
was obtained from examination of its acetyl derivative 
(43) prepared in 76% yield using acetic anhydride in pyri- 
dine. It was found that the data obtained from elemental 
analysis, a NMR and IR spectra were consistent with 
structure (43). The PMR spectrum information clearly 
indicated the presence of an acetyl function asa 
Siarpmsinglet stor three protons ati 6 2.0, The IR 
spectrum had two bands in the ester region, one for the 
benzoyl group (1725 Pana) and a second for the acetyl 
SrOtparcls 00 a ye Attempts to hydrolyse the nitrile 
BUC oLOimO med wi theiyd Opromic Or hydrochloric acid 
in ethanol were unsuccessful. Since it appeared that 
these routes were not productive in yielding a-amino 
acid derivatives, other approaches were investigated. 
It was considered that a modified Strecker syn- 
thesis on a 2,5-anhydro allose derivative would lead 
to the desired 6 C-glycosyl-amino acid. Such an 
fivermediate (27 ) shade beeisurepared in a mulpastep 


60, e8L as described 


synthesis by Just and co-workers 
previously in the introduction. Their product however, 


was a mixture of D and L -allose derivatives. In 
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this laboratory 2,5-anhydro-3,4-0-isopropylidene-D-allose 


was prepared as shown in Scheme II. Hydrolysis of the 


rains sh 
JN 
HC. 
N 
CeHs tae 
Bz07| 0 NaOMe 
a rn pemeene AEE os 
MeOH 
Se 0 0 0 O 
4 45 27 
SCHEMES LT 
Known 5-O—-penzoate ae (44) with 0.1 N sodium methoxide 


proceeded smoothly to give the deblocked derivative 
(pone oo. vVield the hydnoxy! shunction ~produced ea 
broad band at 3400 aie in the infrared spectrum as 

well as an exchangeable proton in the PMR spectrum. 

As will be seen for most of the imidazolidine sugars, 

the parent ion in the mass spectrum is often accompanied 
by satellites at M +1 and ed as well as a fragment cor- 


+ 
responding to M y—-NC imp the, case of 45, molecular 


6s: 
+ + 
Lous, wene s0Obser Veda teum/emovs lat 1). 3.9.6.0.) and 
-f 
395 (Hedy The peak at m/e 381 (M - CH.) was a pre- 
dominate feature and was generally observed for isopro- 


pylidene protected sugars. For all the imidazolidine 


sugars, cleavage at the C-glycosyl bond led to a strong 
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base peak at m/e 223 which was definitive for the ion- 
fred ginivdazolidine ring NX ‘The remaining “characteristic 
ion was m/e 290 ant ~ CH. - NC (H.). Astpreviously “dels 
cribed for the imidazolidine derivatives, hydrolysis 
was accomplished using three equivalents of p-toluene- 
sulfonic acid. Contrary to the case where benzoyl pro- 
Cecting groups were present, hydrolysis of 45 was com— 
plete in five to ten minutes compared to one hour for 
23- -ithis could possibly result from intramolecular 
geotstanuce OL the treem7-OH ing the hydrolysismot 45. 
Filtration to remove the diamine p-toluensulfonate 
Saltiwancweevaporation Of thessolvent gavescrude 27 
directly in-quantitative yield. -~Chromatography of this 
product on ‘silica gave an 80% yield of the homogeneous 
allose derivative which was crystallized from chloro- 
BOtm—mexane to givetcrystalline 2/ in approximately 
(Ozevreld me ALi houchethe melting pointlof 27 was Lower 
than reported a and showed some softening from 150- 
'G0-Cjeall sot the other physical data including EMR and 
IR spectra and elemental analyses indicated this 
MmMatetial to be structure 27... The mass spectrum gave 
aoparent peak at m/e 202 GM exe well as m/e 187 (mM - 
CH.) which was characteristic for an ilsopropylidene 
Pprotecteusderivative. A epreliiinaly, Beaction of 62 / 
with sodium cyanide and potassium carbonate in water 


gave an unstable intermediate 46 that was hydrolysed 
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usingehydrogen peroxide. The product of this reaction 
was assumed to be 46a, which was very soluble in 

water. Even employing continuous extraction with ethyl 
acetate it was difficult to recover the product. Alter= 


Davey toe SOW nao cheme Lid ithessreaction of 27 with 


CN 
O Arey CONH>2 
O HO 0 O 
NaCN HO, H 
—_——_ —_——_—_—_—_—— 
0 O Oe..O AE 
al 26 464 
|| CN 
HC=0 7? NHCH9CgH5 CONH2 
NHCHoCeHs5 
O HOo~|0 O 
HO 10 HO 
NaCN 2 2 
BnNH,, 
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benzylamine hydrochloride and sodium cyanide in water 
initially gave what was presumed to be the a-hydroxy 
nites les(46) (LG, sethyleacetate — | hexane (3-1); 
starting material Re =102s.p LOaUCt Re =) 0.65 )% lhe 


product was unstable and reverted to starting material 


tevattempts were made to isolate this intermediate. 
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HOwevewne tr the Solution was heated to 80°C for one hour, 
a faster moving product was observed by TLC (ethyl 
acetate - hexane (3:1), Re =n) eee temp roduc Cewa s 
Peolared and shown by PMR spectroscopy to have incor- 
porated= the benzylamine function. The mass spectrum 
had a peak at mfe 291 (Mm -HCN) and 276 (M”-HCN-CH,). 
Although this information was not definitive for the 
Structure Of thesproposed intermediate 4/ yfur ther 
reactions indicated that it*™was likely so.” In the con- 
tinuing preparation of the a-benzylamino amide, this 
intermediate (47) was not isolated but hydrolysed dir- 
ectly with alkaline hydrogen peroxide. Figownta beth manner 
thewO-VeizylamiiOmamitdes (46) wasaisolated inj50 — 552 
Velen cet rOme2) . —§Presumabl yetiewinitialg product $46 sne- 
VebtoumEoncicsaldehydes 2/a which then reacted wien 
benzylamine and sodium cyanide to give 47. Hydrolysis 
CAmeNLomiacerval Saves4+o. Shine data Oblained) Lrome the 
Proton NMReand mass spectra indicated that both the 
benzylamino and amide functions were present. The D,0 
exchangeable PMR signals between 6 6-7 were typical 
for amide protons. Ion peaks a m/e 321 (M"-CH,), 292 


(M"-CONH,) 2 taem2 20 (Mm -NHC He) provided further in- 


7 
diegtivevev idence #2 ProWon gins pthe gthime: om incheasing 
the temperature for the reaction with sodium cyanide 


and ybenzylanind didimot increase the yield of 47. Pre- 


sumably the basic conditions at elevated temperature 
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leads to degradation and possibly epimerization of the 
intermediate aldehyde. In view of. the poor «eyields.and 
EequiredyunfLayorable reaction conditions, investigations 
of this route were not continued. 

During the course of these exploratory studies several 
model reactions were investigated for introduction of 
tines -(eoxvyeandetne.2.3-unsaturated functions,into. a 
carbohydratesderivative. The tri-mesyl,(49).as well as 
tniesgtrastosyleaderivative (50)4ofymethyl b-D>ribofurano— 


side were studied to determine the reaction conditions 
147,147a 


for formation of a 5-deoxy derivative, as shown 
ioeoecneme Vig) Reaction) Gta49 or, 50 withesodium iodide 
OCH3 OCHa H3C OCH3 
4@ ye H © 
Nal 2 
> es 
RO OR RO OR RO OR 
49 R=Ms 51 R=Ms 53 R=Ms 
50 R=Ts 52 R=Ts 54 R=Ts 


SCHEME IV 


Poeddi metny Luormand de eave the 39-1000) dGrivativesm«si» 
aude (o2), respectively, inpessentially squanti tative 
yields. It was evident from the proton NMR spectrum of 51, 
which gave only two mesyl group signals as well as an 
Upto esti tors the Cs protons, that only the primary. 
Mesoyi group tad been displaced. The reaction with 


secondary mesyl groups apparently required more 


Spz 3 egijargtaniqs ¥{ 
- t Ve 
une j ey 2 anJ rf 
bb a Lis a P mes , Ogi Gc 
° Zz 
; 
‘ 
5 t 
‘ todas 
j 
3 \e 
i é E 
on i uc 
© sd » a 
’ 
f 
| “a 
rc j 
i ‘ 
| | 
Ly 
a he ae 
~~ 
(ft r ._* 
- a 23 7 
ate pe : 
le 


= an . i ass Es 
ere La or 


v 


* ¢ 
ltcuog bra’ setvebs 
waiy ai ,eoytabia 

j 
if b } 1G. 'y¥ 
L3na> ' Tan 
7 rig 7 A ' 
a , se. ' ry 
i, Fé 4 
o ls } ae * 
ey ~ + ES 
o) ’ Ie 
Cais é 
i? dell . » oo 
% ; ybeeg ix 
> + 
hes ‘ Boivw 16a 


i de | 


ew ere 


‘rent tye 
4 2 ge, 


455) aav2iivixwwh whos gs 
6 _ - : - 


Chavis 
ad a ' 


2) aie 


a7 


° 
Se 


tgome oF abget 


ataiboavedat 


sine saaleopay 
sjyoaes aba 99 
sig gabied 
} az i090n 
; : hi-& oA? 
Ps iteo 
[¢ycos-isa 283 
Ja 9 w shia 
; ‘2 tag 


_) 


and 7 oo ht sniiner ae oe dh Sy ale ) 
ae 


: oe, a 7 
x :” ee ; : 
i mes 


x i 


34. 


drastic¥conditions-.» These derivatives! 51 andy52;'were 
readily hydrogenated using 5% Pd-C’ to. give 53 and 54 in 
quantitativetyield.”~,. The PMR doublet at°d)1845 (o2ey, 


6 Hz) for 53 and 6 1.10 (J 7 Hz) for 54 together 


a4 
with the quartet observed for Hy, were consistent with a 
5-deoxy(4-methyl) function. 

Also used as a model compound was the previously des- 


eribedtinidazoladinel derivativem(45) ted initialeattempts 


were made to prepare the 5-iodo derivative (55a) from 


Ces 
N 
HC | 
SN 55.0, .R= 
R O 
C6Hs5 b R=QOMs 
c R=Cl 
Ono d R=H 
25 
; : ; : ; 148 : 
45 using methyltriphenoxy phosphonium iodide. This 


reaction gave a low yield of a product that migrated 
faster than the startingamaterial on TLC. This material 
was unstable and decomposed if heated. fhe 5-mesyl 
derivative (55b) was prepared by treatment of 45 with 
méethanésulfonyl chloride and pyridine. The three- 
proton PMR signal at 6 2.80 was typical; for a mesyl 


funetion. The mass spectrum of 55b had a parent ion 
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at m/e 474 (mM) as twell@as charactertstictdegradation 
ions at m/e 459 G1 a51 50), 379 OtbeoNey? ets) (it ;AES0NS). 
and 368 (M"-CH,-NC,H,). Tresproducth @55b)i@was stables 
whemeusolatedwacseaqtcrystallinetderivativenepaecitvalso 
decomposed if heated. A low yield of what appeared to 
Desthet> todo iderivativetwastobtained thy *heating /55b 
with tsodiumtiodidesin acetone) (‘A %similar reaction 
attempted in dimethylformamide resulted in decomposition 
CRESS aver resumabhy tthe 5-Lodo and imesyltderivatives 
are-unstable due to intramolecular cyclization with 
Ghesinidazolidinemeing) rhe more stable *5-—chloro der— 
Valve CEWaSs ROD tained E1imk6o, tyielideby meactiion fof 

45 with triphenylphosphine and carbon Hoanacnlont daaaes 
IngyoductiontoLethe chloro function twas vapparent  wpon 
imspection fomithewmass ispect rum sof *the product. Moiecu-— 
‘lar ions corresponding to fragments containing cd 
were observed at m/e 417 ave fl) ee OL (M'-CH,), and 340 


32 


+ 
(M"-0,C(CH,),) and for ~°Cl at m/e 415 (M +1), 414 GED), 


32 
= ot 
399 (M ~CH,) aid ome CM -0,C(CH,) 4). This product 
was readily reduced to the®s=deoxy derivative 55d using 
-152 ; : 
tri-n-butyltin hyde etuee 3 As with the previous 3 — 
deoxy modéls, the doubletvat 6 1.2 (J =| 7 Hz) in the 
proton NMR spectrum was typical. The mass spectrum had 
E 
tite ipanen mei on Patiun/e 38 OaCMw)itas twelil ras! liragments? at 


+- 
Wid b3 709 wQh ES) 0365 (M"-CH,) and 274 (M'-CH-NC,H,). 
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The dimesyl (53) and ditosyl (54) derivatives were 
then investigated in an effort to introduce 2,3-unsatur- 
ation using the general Tipson-Cohen procedure reported 
by several nate g PO CMe Use otezinceandisodium Lodide 
in refluxing dimethylformamide for one hour gave a dark 
COLO DECmcOLUt1ON eel nspectionwsby LLC revealed only 
starting material and decomposition material which re- 
mained on the base line. Prolonged heating resulted in 
extensive decomposition. This failure probably resulted 
from the relative instability of the 5-deoxy derivatives 
under stnese forcing conditions and from the difficulty 
in effecting displacement of a secondary sulfonate 
group. An attempt to obtain the 2,3-unsaturated deriva- 
PivemiveretcUlONMO Le JewLtcnesOdiumeandsnapntihalene eal 


led to several unidentified products. 
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CN CN CN 
Bz0~|/ 9 Bz0o|-0 Bz0*|/-0 
re a ane 
Lew 
HO OH |, OAc 
56 57 58 
employed as a model. Treatment of this vicinal diol 


with a-acetoxyisobutyryl chloride and sodium iodide in 
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acetonitrile mee gave a good yield of the iodo-acetate 
Dieerecuctivenclimination to give the unsaturated 
derivative 58 5(~602) was effected with zinc—copper in 
2cetrGercidssindswater. lhis sequence for conversion of 
vicinal diols tov unsaturated derivatives is being in- 
vestigated in this Lateran These reaction con- 
dpoLlons however mwere anticipated to be toofacidic for 
intermediates in the synthesis of furanomycin. The 
tdentical unsaturaced product. (56) was obtained by the 
method of Hannessian and apananieemaac oe” by treatement 
OfmehesN No-cumethy laminomethylidene acetet of 56 with 
methyi iodide. “This procedure save a low yield (207) 
Jie Do. Sliec Product was assumed io be the unsaturated 
deLrivettves Dy: auspeccron Of the PMR data. Lhe ABX 

Bo UroUrrompauaemn wat <cmO. 0) LOL H. and Hy as well as 
Chemmulrcipletsc ac. 0 5.22 (H.) Amde Ou OTeeeG (H,) were typi- 
Cole lOread 2es-uUnsalLudraced pentolLuranose. Similar 
patterns were observed for these types of derivatives 
a5 wail be described Tater. 

These exploratory approaches were abandoned upon 
the finding that thiocarbonate derivatives of model 
furanose sugar derivatives were readily converted to 
unsaturatea products with trimethyl phosphite as first 

60 


described by Corey ‘and Winter, : TibtLadky ene 


taiocarbonate function was Antroduced by heating a 
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soli ongot othe. viicinal,-diol with, bis-imidazolhe thio- 
aos , ; ; 
carbonate in dimethylformamide. Subsequently this 
reaction was more conveniently performed in acetone at 
po Oi) Cet pel aliiee .  neatment. off the 50st ty. deriv a— 


é LGZrelos 
tive 


9 ge. Cha bis-imidazole, thiocarbonate an 
DMESat 0 °C for three: hours gaver 60 ((914)) ass.shown in 


SGhenGme was Di capDrloduct was rellativela insoluble 


OCH3z OCHz 
O O 
Tro P(OCHL,) , co 
Soars Speer: li 
RO OR 
59 R-H 61 
60 R= \C=S 
SCHEME V 


in most organic solvents as were several other sugar 
thiocarbonate derivatives. It was possible to crystal- 
PezemtliomprOdict ine approximately 607 yield irom da— 
methylformamide - ethanol., The mass spectrum gave a 
parent ion at m/e 448 Cane As will be seen later, 

all of the thiocarbonate derivatives were easily 
Characcerazed from the spectral data. The proton NMR 
Spectra csnowed: déelimuuemdowntield shilts shor the wsugar 
Deotoms Attached to) the eine carbons. one the cy Clive mt ho 
carbonate, function... Also a UVoabsorption at 236) nm 

Wie eChAa nace t 6b Cl tO Sih seo roltp. Lies Linen tore.00 
Witimuriie til LDiOsSPi Ue mateo id Ua Or seven hours, gave 


Clete Ogevie ld. atter chromatography. The crystalline 
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Produceemelted@ar, 67 =uS8sC as compared to thevlitera— 
163 6 Ape A 
ture VIlUewOre co eo ooe Cau lhe Sspectfiacerctation 
observed was Eolsg: —wOOmmcOmpanedmto themreported 
163 5 é al 
value Ott /? famlnspectionsotsthesa He NMRespectral 
datapindicated) an .ABX pattern centered at,¢ 5.9 (Hy »H,) 
andamud tiplets at, 65661 (Hy) ands oe 4ec (H,) Simata re Weo 
2 , 163 
that described previously SUCwEOumD So. 


The same series of reactions was then applied to 
Aone aon : : 56 : 
the imidazolidine derivative (O2)easeshowneingscheme 
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63 R)=dmTr Ro=H 
64R\=Tr Ro=H 
65 Ri=Tr Ro= >C=S 


SCHEME VI 


chloride in pyridine was observed to be incomplete 
Batter several days sat  roOOmeLemporature. | However. the 
dine thoy thing eo tmnt Loy Ci y dive Was TOnme di iit 
Covey LeLdmus eG imenhoxyttmtyleohloride, Of strity 1 


Dromideymtespectively, at,o00 .— /0°-C for one hour. In 
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this manner both 63 and 64 were isolated in approximately 
20, yields atter? chromatography. @elheytritylederivative 
(64) consistently gave better yields, and could be iso- 
lared with only minor traces of impurities as detected 
by TLC. The highest observed fragments in the mass 
spectrum were m/e 580 (M"-H,0) and 562 (M"-2H,0). This 
intermediate gave a single product that was homogeneous 
by TLC upon treatment with bis-imidazole thiocarbonate 
imumocelonre elinecmnesulting thiocarponate 650) was iso0— 
tabedumrueamcrudesvield Of8 95,2.) 5 introductionver the 
thiocarbonate function was observed to shift H. and Hy, 
downfield in the PMR spectrum and gave rise to a distinct UV 
absorption at 238 nm. Although no parent ion was 
Obsenvedmu0r =O ti stheamassespectrum, the fragment) at 
m/e 580 was assigned to a0 G=5. Traces of imidazole 
present with the product were difficult to remove. 

Since this seemed to have no effect on the subsequent 
reacthion.s05 was; treated=with, trimethylphosphite at 
retlumator GLleht hours woaGhouteaurther puyieloatwvonr 
The unsaturated product 66 was isolated jin 9340yie1d— 
The data obtained from elemental analysis, the mass 
spectrum and the PMR spectrum were all consistent with 
Give pro posede str ucturemo letoveeihe chemical sha tase 

tne AXE splittings pattbernetenteredvat?s 6.83eand the 
Hultipletee ato 5425 (H, ) ands 654.90 (H,) were very 
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The first approach we employed which resulted in 


the formation of G-amino acids began with the imidazoli- 


dine sugar hE 67. aseschownpingschemeyVileiethis 
Sains 
a CONH» panes 
HC | OH 
BnO O ads 
herd ee es 
F 2. NacN, 
BnO OBn K,CO, BnO OBn BnO OBn 
67 Be H,0, 68 69 X=H Y=OMs 
7OX=OMs Y=H 
LIN. 
CO5H COoH CONH» 
X vf X Yi X Y 
HO-|-9 Bno70 Bno-9 
Ho He 
PO it BnO OBn BnO OBn 
(5 X=NHo Y=H (CO X-N2 Y=H CUXENG Y=H 
(6X=H Y=NHo 74 X=H Y=N3 (2X=H Y=N3 
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derivative was used by Moffatt as an intermediate in 


theesynthesis of ,several Ge diepe lies tanus Hydroly- 


SustOneunewaldehydeyprokectine weroup “ofabs Using rp= 
LoLuenesuLonomlc —acid “wasyvoriginally reported on a 


OW ; ; : 
two mmole scale. This reaction was readily scaled 
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up to ten mmoles with high yield (~90%) of 68 obtained. 
Fxamination of this product by TEC revealed only a 
ELaAcCecwOletastersmoving impurities: and it was therefore: 
used without further purification. Treatment of 68 
with methanesulfonyl chloride in pyridine for seven hours 
at 0° gave 69 and 70 which were isolated as a solid mix- 
Lure. It appeared that longer reaction times resulted 
im G@ecreased yield. | Bortuitously it was found that the 
isomers could be separated at this point by triturating 
the solid mixture with hot ether. The insoluble solid 
remaining (43%) was the faster migrating isomer on TLC 
(chloroform-ethyl acetate (1:1), Re = 0.50) and was 
tentatively assigned as structure 69. Chromatography 
of the trituration mother liquors gave a slower isomer 

Om Gs Sah =2 U4) ) ow Ghat Lace (~5/,) (ot thesiaster iso— 
mer. These two isomers were readily distinguished by pro- 
ton NMR spectroscopy. The faster isomer gave a signal 
Loretieimesyly groupmat O2.9L, compared to, 2.286 forsthe 
slower isomer. The signal for Hy» So 290 (J5_3= SPehlh viveve 
the taster isomer and 6 4,49) (J,_37 4 Hz) fore ine Slower 
Peomer was Sil. led down! eld Feue CLV Git Ou ia tem 

tiree Hydroxy precutrsot Ob .6lU appeals) tiatem oJ manda VU) 


have sutficiently restricted conformations that the 


Spli pring patterns Lor Ho and Hoy of each isomer were 
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ditfierent. The pseudo octet centered at ~6 3.57 with 
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faster isomer was clearly different from the corres- 


Ee 


ponding multiplet of the slower isomer centered at 
et Oe Ll iz oe aac I>, = 3.5 Bz. 
pores intraredespectrum, of 69 or 70 had a band. at 1650 
eae typical for an amide carbonyl stretching fre- 
quency. This band was observed for all the subsequently 
described amide derivatives. The mass spectral 
fragmentation was similar for both isomers. A parent 
ion was observed with 69 or 70 at m/e 555 (M") as well 
Asean M41 Lomedtem/e:1556.. such tons appear ito be 
common for most of the a-substituted amides prepared. 
Othewciaaacteiisticl1ons were noted at m/e.4/6 (nae 
SO,CH,) and 464 (M"-CH,C,H.). Either of these mesyl 
derivatives was readily subject to displacement with 
Pitwiun azide sin  ~dimethylformamide to give /1 or /2) in 
approximately 9024 yield. Similar treatment with 

sodium azide gave almost no reaction products. It was 
later discovered that an analogous sequence had been 
applied earlier by Moffatt and co-workers Boe to pre- 
pare polyoxin analogues. A chemical proof was pre- 
sented nek to show that the displacement proceeded with 
Luveberon of contieguration to give the GQ-azido amide. 


lo te,assumed, that the Same is true in the present 


case although no chemical proof was undertaken. 
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Supporting evidence for this assumption comes from the 
a NMR spectral information. The loss of the mesyl 
Signals as well as the upfield shift of the H, proton 


PiaicaVeamiidtiestne mesy! Lunction tad been displaced . 


MOneOvet.weUnea spi tuine patlerns Lor HL and Hoy ope IN 
Pentveredeat, Ome 6 ands .07 wlth Joa: = 10 Hz, Je_y = 
Ae nz Pa Sm Zeon la) 2 aCenleted. at. 034), 4nd 
3200 With Joa: = 10 Hz, Je_7 a SEE ashe Je_as apt cr. 


appeabesto correspond closely with those of /0 and 69, 
Bes ecm oly ecmiReopecelramsor Dota /1 ands /Zanad a 
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strong band at 2120 cn CN )7e lt 1s salsominterestins 


3 
thateunesorder ot melting points tor 69 (173 = 1/4-C) 
Arcee mCUMGeoe lowG) ma isereversed Lor /17(93,— 94, C) 
and 72 (155 - 156°C). One would expect that the rela- 
tive values of optical rotation would also be inter- 
Cralwednmiow ey clan Clemvidd rec 1 Or 0 Yl (+65°) and TE 
Co omcomparedacOouy letlon)= and J2)(TlL0]) Care sincon— 
clusive owing to the small and similar dextrarotatory 
Values itor the latter pairs. 
Further modifications of the G-azido amides 

were then investigated. Solvolysis of the amide func- 
tion aivrectly to the ester was accomplished an lover 
SU ,e (teLa wy LeLlLuxingetune amide in dry methanol over 
ANGC (H’) Cecin., AlLteérnauively,. treatment: of 71 or 72, 


ives mixture or nydrochloric acid=water—-1,4-dioxane at 


BU Getor e.ehteen hours gave quantitative hydrolysis 
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togthersyrupyy acidy73;0r 744 gReductionsof othe ‘azide 
function was readily accomplished with 5% Pd-C at 
atmospheric pressure. The a-amino ester obtained in 
this manner from the a-azido ester proved to be neenonite 
atecvoometenpenratune ~aylhesinitial produchiwas slowly 
converted to an unidentified product... It was presumed 
that intermolecular dimerization, to ithe .~piperazine 
dentvativescouldsaccount for -thissobservation,. gsthis 
route was not pursued further. As expected, hydro- 
fenattons.oisthe.-a2zido acids ei) sor o/4 sgave the corres- 
ponding d-amino acid. These were more stable at room 
temperature. Complete removal of the benzyl groups pre- 
Senteded moOue dit Licwer eproblem. gelndtialily.) boron iri 
choride was used to cleave the benzyl protecting 
ee ae This procedure led to the isolation of 
the debenzylated a-azido amide in approximately 50Z 
yweld j» Lhis product was identified only Dy, mass 


+ + 
spectroscopy, m/e 204 (M -N,); 172 (M -N -H,0) and’ 133 


3 


(M"-CH,N,0) aside ee Re badidera.t 22.4.0 ong (N,). Alter- 


3 
mative attempts at debenzylation employed hydrogenation 
Of 7 ox, 712) over ov, Pd=-Cewith pressures sup op 60) peda n 
thes Party shaker. evlhisaresul teds inereductilon Ome ne 
azide group but no debenzylation. However, when this 
hydrogenation was performed in a high pressure bomb at 


100 psi over 5% Pd-C debenzylation was usually complete 


in, 248 to, 45 hours. .The results were very,dependent on 
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46. 


Chegererciency Or stirring as “wel leas athe equality tof 
the catalyst. (It was found necessary to wash the cata- 
lyst with 1 N HCl and then water followed by drying 
under VaCUUMeGI Nn Onder CO .activaresthesecatalyseeso chat 
consistent results were obtained.) In view of prace 
observations involving the chemical transformations on 
Chesc-aztdoramides, 9/1) 0res2 was hydrolysed £47st; 
followed by simultaneous hydrogenation of the azide and 
beazy!l groups. | Potential racemization during. thebalter-— 
native hydrolysis of an qg-amino amide was thereby 
avoided. The qg-azido amides (71) and (72) were hydrol- 
ysed in a mixture of hydrochloric acid - water - 1,4- 
d2oxanemcl 1 10) "ate oO 4G lore Loehours. Saisolmittion>: of 
procuctweave syrupy 73, and /45° respectively. inequanti=— 
tative yield. These diastereomeric products were thydro- 
eenared directly In eChanol bubirered with 1M NH ,OAc- 
HONGCeaCeLOG psi Lor 456 nours. (Cine *solutionewas bettered 
to preclude any problems that might be encountered with 
traces of acid present either from the previous hydro- 
lysis step or from the acid washed catalyst). When 
reaction was complete (TLC), the tatalyst¥waseiittered 
and washed with 95/4 ethanol” and then” water. es ine 
combined filtrates were evaporated to a syrup and 
applied to a column of ANGC(H’) resin. BL ceOse wot hi 


water followed by 0.5 N NH,OH save 110° me" {537% )oted 5 


or 76 as a tan colored solid. This moderate yield 
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probably resulted from the relatively large quantities 
Of catalyst required (~one weight equivalent). It was 
Obsenvecmenatepocn tne product sand starting material 
werenadsorbed! to’ some degree on carbon. The possibility 
also exists that losses occurred in the previous hydrol- 
Vocomoceh wmlit sawacanotminvestipatedyhurther..) both «of | 
the a@-amino acids were very soluble in water but spar- 
ine ty esoluplesine9o2.ethanol. (“Crystalline 75, was 
obtained from a mixture of water - 95% ethanol. These 
fine needle like crystals softened to a glass Zig L25- 
130°C and finally decomposed at 207-210°C. Analysis 
mdtearedmonatethescompound ernystallizvedgas ithe di— 
nydracte.welLyine sor athe product at room temperature 
overnight resulted in analyses compatible with a di- 
hydrate. Heating of the compound at 56°C (refluxing 
acetone) under vacuum for several days gave analyses in 
agreement with approximately 3/4 mole of water of 
hydration. This was not confirmed in the usual manner 
by PMR integration since the H,0 peak was overlapped 
byssugaz protons. §No «definitive information was 
obtained from electron impact or chemical ionization 
mass spectra. The former gave predominate fragments at 
thewll Owe aa)merandi Bl Sy (930, Se dentihtedaace (aes OAS 
noteds previously (vide supra)the chémical lonization 


mass spectrum had fragments at 164 and 32/7 which could 
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COLLesSDOndstOm (Datel) and (2b +l), respectively. The LR 


SPECLEUMaWwas typical) for, an OQ-amino ‘acid with a strong 


absorption at 1640 on COD: 1500 meee (NH,”) and a 
broad band at 3100 - 3400 cm! (OH, NH,*). ord 1° 

3 
and CD lst spectra’ were used to assign the L or D amino 


COuL cUcata On oe lnspecttonsot, ORDVand CD spectra of 7/5 
in 6N HCl gave values calculated as [o]loo5 = +2000 and 
[8],49 +2010, respectively. These values are con- 
patible with assignment of 7/5 as an lL G-amino acid. It 
West OUNG uUnate/Ondidanot Cnystalblize readily sanded t 
was isolated as an amorphous solid that decomposed at 
approximately 120°C. The compound was assigned the D 
Q-amino acid configuration from the negative values 


obtained from the ORD([¢] ~2,300) and CD([0] 


Dee 210 
=-1,850) spectra. Attempts to form the hydrochloride 


Sore mOumneloiet/ J. OL es .OeLOmODLain» more crystalline 


derivatives ed to very hygroscopic materials which 
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WenemG@i falcwlteto handle... Because ofsthe low overall 
yields of 75 and 76, it was decided not to pursue this 
Eoute ston furanomyein.  Furtherstranstormations on, the 
Sugawm pomtionsof,/5 or /6.would require several ities 
ip@estenseoLebothethessupar and amino acid, functions. 
Reaction schemes incorporating the necessary sugar 
transformations before introduction of the a-amino 
acid function appeared more feasible. In view of 
experience, gained in these exploratory studies, the 
oti ee ine scheme was envisioned: 1) formation of the C- 
glycosyl component, 2) deoxygenation to the 7-deoxy 
function, 3) introduction of the a-mesyl and a-azido 
amide function>4) solvolysis of the amide to the 
Ccsteraso)etranstormationsof,. the vicinal diol to )jthe.4.5— 
unsaturated derivative. 

Initially, only limited success was achieved in 
obtaining the required C-glycosyl derivatives by the 
nepnadgmepLev ious lye deccrapedaror thes tra —O—b enzy laa 
hbydLoxveamides(65)\ oo Using sthe,modi tied sot neckeretype 
synthesis, the a-hydroxy amides derived from isopro- 
Ppylidenec allosey(2/) or from the aldehydes generaten 


from the 5-chloro (55c) and 5-deoxy (55d) imidazolidines, 


WEGeeLOO,WOLeED SOLUbDLeS tOmDen i. Goleated eli clenulys 
ThesewEecswlts indicatedgthatma base, stable, hydro- 
phobic blocking group would be advantageous to allow 


PiempRCuucte tO, pes ecacily extracted from the basic 
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aqueous solution. In addition, the blocking groups were 
SeLecteassomenatethe hydroxy group at Co could be sel- 
ectively deprotected. Tt wase decided that 5-0-Grity ix 
and 2,3-di-0-benzyl protecting groups would satisfy the 
above requirements. Treatment of 5-O-trityl imidazoli- 
dinemco4) Mor the 5-O-dimethoxytrityl imidazolidine (63) 
with sodium hydride and benzyl bromide in dimethylform- 
aiidemsaves the Cesired dibenzyl derivatives=7/ and //a, 
respectively. In subsequent reactions 7/77 was used 
SLUcCe@ituwass purified more: readily than //a.  gPurified 
77/7 was isolated as a foam after chromatography and was 
Characterrzeda by its Mass Spectrum which had a parent 
fonsatim/e: 428 (mM) and major fragment ions at m/e 670 
(Mm -HOBn) and 562 (M’-2HOBn). As indicated in Scheme 
VIII, treatment of the imidazolidine (77) with p-toluene- 
SnnOuecer cid paver Osdsmamsyrup in 622, yleld atter 
chromatography. The PMR spectrum had no signal for an 
aldehyde proton; normally found’ at 6 10—11, and the Ik 
spectrum had no absorption band in the aldehyde region 
(1720-1740 ney It was assumed that 78 existed in 

the hemiacetal form analgoues ES thes behav. TO teen i. 
The=mass spectrum of 78 had@a parent ion at m/e 342 Ot’) 
and major fragment ions at m/e 251 (M-CHSC.H,), 23 

(1 -OCH, C,H.) and 234 (M"-HOCH, C,H.). Inscontrast 


fomenemacyouLe ree aldehyde =torms, the hemacetals 73 
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and 2/7 .appear to be quite stable for extended. periods of 
time. Intermediate 78 was treated with sodium cyanide 
and potassium carbonate in 1,4 dioxane-water to pre- 
sumably give the ,unstable a~hydroxy nitrile intermediate. 
This productywas, isolated.as;thev oa-hydroxy amide (79) 
after hydrolysis with hydrogen peroxide. The yield of 
(/Ieurom thesimidazoalidines, (4/7) .wasy/624.9 Attempts, to 
fractionally crystallize the diastereomeric mixture of 
a-hydroxy amides were unsuccessful. In subsequent re- 
POELOuscmagmixtLunesO1 othesallovandsaltro ieowere ofa?) 
were used. It was hoped that the 7-mesylate group of 
thew 2e/—di—-O-mesylgaqerivative SOmcould besselectively 
displaced by iodide and thereby bypass several blocking 
steps. Unicrtunately it.~appeared that. the reactivity 
Giethe 2-O-mesyieiunction Ylayebetween that’ of¢a 
primary and "normal" secondary mesyl derivative. Con- 
sequently, treatment with sodium iodide resulted in 
displacement at the, secondary C-2 position as welij,as 
SJtetnemprimanveC=/eaposdtion.gelnitdal blockingsofyahe 
2—-hydroxy group therefore appeared) to be,.necessary. 
Treatment, of, /Q9ewaith acetone andgperchlorics acidggayve 
81 which was characterized by its mass spectrum with 
characteristic ions at yn/ep428 (vee on fe4i2 (M"-cH,) 
atin 36 (M"-CH,C,H,). LUSeproOauct was Lsolated as 
a syrup and was treated directly with methanesulfonyl 


ClO Cm hey tC Lie eLOme aye aie s—-O—mesyl) denivative 
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CSZyetieseoeoverall yield from 79. Inepection of the 
PLOUCODeNMR Se pectrum revealed that 82 was a diastereo- 
Mericemixtures (Cat C-2).° The exchangeable (isopropylic 
lene) INP emoOnOL Ouse OL, cach C=2@epimer oie olsmappeared 
as a broad singlet. The ratio of these distinct signals 
corresponds to that of the respective three-proton mesyl 
Singtel eine amides proton Signals tor 62 was shifted 
downrield by “~Ol.o from that of the amide protons of 
Eivemen De ema Mead ea 6 U. ihesmass spectrum of 82 had several 
Chapactetistic peaks = =sucn as me/ 506 Cece 505 Gok 
Meee CHe) 400M =che) ) 215 (Mees a CH GH), 
3 3 Lae Gues) 
414 (4 -CH,C,H.), 400 (4 + 1 - CH,-CH,C, 
ane - CH,-CH CH, ). The mesylate sLunction of §$2 was 


Casity displaced usins ‘sodium Lodide in methyl: ethyl 


He) and 399 


Co Pore Om | venules LOdOmIs CeOLMmeUuLates 63. lh LS eno 

duct was identified by its mass spectrum with ions at 
+ - + 

iy emo ae i wet ee a) eee a Meee 23m Moe 1-CH,) ange 22 

(M"-CH,). REGUCL LON MO feos WilLhehydrogen OVeT. Iced —G 

gave the, /-deoxy derivative 84 in 82/4 overalle yield 

ErOMeo2- Proton NMR Spectroscopy ssnowed al character— 


LSetLcmdoue let at. Oe seo mt = 6 Hz) for the 7-deoxy 


10 


function of 84. The mass spectrum had a parent ion 


4- 
ab m/e ALL (mM) and ions “at m/e 396 (M -CH,) and 320 
+ 
(M ~CH,C H,)-. 


Because of the known instability of 5-deoxy 


a ; 
sugars towards acid hydrolysis sath a mild method 
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was required for solvolysis of the amide and isopropyli- 
denewfunctions. (Treatment of 84 with ANGC (H’) resin in 
methanol removed the isopropylidene protecting group 
with concomitant conversion of the amide function to a 
Mecthy ieecsacernstoarproduce S5ain 7/04 yield. The ly NMR 
spectral data clearly showed this product to be a mix- 
ture of diastereomers. This was apparent in the two 
sets of doublets for Ho ate ee Lomean diel neo man det teat be 
Sino vetes hore cnrcemetiyvimesGermeenoupsyat 16) 5.0 2andas ./ 2. 
The exchangeable a-hydroxy proton appeared at 6 2.95. 


Phe. lk spectrum had bands»at41/45 ware (CO,Me) and 


. (OH) eAsparentsion atim/e 380 cm) and, a 


3540 cm 
Eracment ion at m/e.295 (M"-CHC He) were present in 
PbeemMaccmoDeCCIUM sskeactLOneO. Joo; With wesy. chloride 
in pyridine gave the a-mesylate 86 in 88% yield. Intro- 
duction of this group led to the appearance of new 
Ghree-protonursing! ets at somone .4 and) 6 3.68 in the PMR 
spectrum. Thewnighest identifiable Eragment in the 
mass spectrum of 86 was at m/e 373 (M"-CH,C,H.). The 
benzyl protecting groups were readily hydrogenolized 
Over OA Pa-C Lope, Vee /Minequanti tative sy tel Gmc 
product was used without eee at create to form the 
thiocarbonate derivative 88 employing bis-imidazole 
thieocarponate in acetone. Puritication by chromato- 


graphy gave the desired product 88 as a syrup in 9927 


yield. The proton NMR spectrum of 88 gave a familiar 


62 « 
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Paceemiuwittheceaowniie.d shift for the wuear protons Hy 
and H,. Mass spectral data included a parent ion at m/e 
326 a). Pormattonsof the 4,5-unsaturated product $9 
was effected in 82% yield after chromatography by re- 
Plus Ue OOaWitietramethyi phosphite for four hours. One 
of the diastereomers fractionally crystallized from 
ether—skelly “B". All of the physical data were con- 
Sirevencewilth then proposed structure $9. ) The a NMR 
spectrum showed a pattern similar to that previously 
described for the Zo dL bydZOotunranederivataves sno, 
Oilman de OOnme Diem On ly susetuleiniormation extracted: trom 


the mass spectral data was the base peak fragment 


postulated as_(c); which corresponded to m/e 83. The 


“chemical lonization (NH) mass spectrum had ions at 
268 (Me Heel S je sndaoilSes (ies) ee Displacement Olea Le 
mesylate: group) with. azides proved,to,bé, more diftsicult 
thanyantdcipated,*~Tréeatment/ of, £9 with, dithdum azide 
in dimethylformamide under a variety of conditions 
resulted in decomposition.,,A.similar attempt. using 


tetramethylpeuanidinium , azide, produced less. decomposi- 
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DOs 
fLONwOUteoCLit did not give satistactory results. Evid- 
ently the amide function is essential for smooth dis- 
placement of the a-mesyl derivative. The same obser- 
vation had been noted by other workers wd in displace- 
ments of O-mesyl or O-tosyl esters with azide. They 
reported low yields as well as racemization accompany- 
ing formation of the a-azido esters. 

Pneseerestltsmindicated thatsthe azide, Lunction 
should be introduced before the amide group was 
solvolysed. Benzyl protecting groups are incompatible 
with such a sequence since hydrogenolysis of the benzyl 
groups would result in simultaneous reduction of the 
azage Lunction to an amine. Additional steps involving 
protection of the free amine would then be necessary 
before further transformations were possible. It was 
concluded that the acid labile isopropylidene protect- 
ing group would be more suitable for the vicinal diol 
function. This involved a repetition of the same over- 
ali reaction sequence starting with the readily avail- 
able isopropylidene imidazolidine sugar derivative 45. 
However, the a-hydroxy amide derived from 45 had pre- 
viously been observed to be too water soluble to be 
SyubNetLcablysuseLul. Ute was expected that the o-0= 
benzyl derivative Of 4) .couLd “be transiormed to the 
required hydrophobic a-hydroxy amide. Treatment of 


45 with sodium hydride and benzyl bromide in dimethyl- 
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Dis 
formamide gave the previously unreported imidazolidine 
MWOeingexcetlent yield (917)... This compound was identi- 
fied by elemental analysis and mass spectrometry. A 
eo ion at m/e 486 Qt’) and fragments at 4/1 (M"-CH,) 


+ 
and 380 (M -CH “NC H,) were observed. As shown in 


3 

Scheme IX, hydrolysis of 90 using p-toluenesulfonic 

acid, followed by reaction of the intermediate alde- 

hyde with sodium cyanide, potassium carbonate and hydro- 

fensperoxide eavewaamixture of (91s and 992 inesozayield: 

It was expected from previous experience that this dia- 

stereomeric mixture of a-hydroxy amides could be 

separated. Fractional crystallization from ether gave 

the faster migrating isomer on TLC (ethyl acetate, 

Ry =0.3) in 43% yield. This was tentatively assigned 

Suiucltunengl. The second isomer was obtained as a 

EV ips woe) teldvands was destenated structure = o2. 

The presence of the hydroxy and amide functions were 

confirmed by IR spectroscopy. The mass spectra had 

peaks at m/e 338 Ee are 337 (Mm) Stid peo (MW +1-CH,). 
ites interesting tha tilin ‘the subsequent. sequencesor 

reactions, the derivatives of 91 were usually isolated 

ae solids and those of 92 were obtained as syrups. 

Boe) Jisands92 were? convertedm@to the 4cetates 93 and 

SAR inequat~wtative yield ssrnespectively, using acetic 


finvydcacceion pyr ldinewinemproton NMR spectra clearly 


showed the presence of an acetyl function with a three- 
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CONH> CONH» 
x+y ee 
Bno~|,0 | ia BnO O RO e) 
Core Bi ae ih atl 
K5C04 
eee aa ————_> 
X i ae, < 
90 QI X=H  Y=OH © 95 R=X=H_ Y=OAc 
92X=0H Y=H 96R=Y=H X=OAc 
93X=H Y=O0Ac 97 R=Ms X=H Y-OAc 
94X=O0Ac Y=H 98R=Ms X-OAc Y=H 
1.| Nal 
P44 Ue 
eujecre lel eee 
+ MeOH 
i (a, cs 
pg PE ORE LE Oe hs Md 
RO OR age (ake Gil 
Semis 
3 
109 R=Y=H X=N3 103 X=H Y=OH 99R vas X=H Y=OAc 
110 R=X=H Y=Nz3 104 X=OH Y=H IOOR=I X=OAc Y=H 
IIL R= (C:S Y=H X=N3 IO5 X=H Y=OMs 101 R=X=H Y=OAc 
112 R= C=S XH Y=N3 106 X=OMs Y=H 102 R=Y=H X=OAc 
lO7 X=Nz Y=H 
108 X=H Y=N3 
1.| P(OCH,), 
Peet 
COoH 
eX SAY 
Ase 
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Protonmcinelet at 0 2.06 for the faster migratine isomer 
Sandwomesucmrorethe slower isomer. The IR spectra gave 


Indicative: OL san) es Ler 


absorption bands at 1750 cmt 


Praup. [lhe mass spectra had ions at m/e 379 une 364 
(M"-cH,) and. 256 (M"-CH,-OCH,C,H.). Hydrogenolysis of 
either derivative over 5% Pd-C gave the deprotected 
hydroxy derivatives 95 and 96 in quantitative yields. 
These derivatives were identified by their mass spectra 
Soiiciy Re ee cicn AOE eye Yas (M" +1-CH,), 274 


+ + 
(M~-15) and 232 (M +1-CH ~COCH,). It should be noted 


3 
that care must be taken to monitor this hydrogenolysis 
Leactwones py LLG (ethyl acetate, startaung aNd bile 

Re = 0.793; product Re = 0.25). The reaction is sensi- 
tive to traces of acid and also appears to be concentra- 
tion dependent. After evaporation of the solvent the 
product was used without further purification. Treatment 
Cimerude s7 ANG eJOnWiLEnemesyl chloride inepyridineseave 
the /-O-mesyl derivatives 97 and 98, respectively,” in 
Sae yield. Ihe new mesyl signals in the PHURespectra 
appeared at 6 3.06 for’ the faster migrating isomer and 
693.04 tor the slower isomer, he Se ions identified 

in the mass spectrum were at m/e 368 Quake aay. ie es 

Cw" +1-CH,), 352 (Qf -CH,), cya) (W"-CONH, ), wid ia 6 sant Oe bebe 
CH,-COCH,) and 308 (M-CH 


tives (97 and 98) were converted to the 7-iodo com- 


37 CONH,). These mesyl deriva- 
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pounds (99 and 100) by treatment with sodium iodide in 
2-butanone. The iodo intermediates were characterized 
by mass spectral peaks at m/e 385 CW" + 1-CH,) and 384 
(M" - CH,). Hydrozenolysisia,ot 997 andy lO0uever 54 Pd-c 
PavemLO umn o4Zeyleldsandt102 in 9lZeyield.. fhe 7 deoxy 
function was ~evident from thewPMRespectra of 101 and 
aOZew OLhemetiy! sdoublets=centered at % 127 (Jo _¢ = 8) 
Hae Orme nem actememicratine isomer sand so 1.33 

(J5_¢ = 6 Hz) for the slower isomer. The mass spectrum 
aispileyed tactamibiar pattern with ionsgat m/e 274 
(Maes ye 259 (M" +1-CH,), 258 (M'-CH,), 229 (M"-CONH,), 
216 (M +1-cH 


-CcOcH.) and 2415 (Vile cH -COCH,), Although 


3 a 


previous derivatives underwent only minor amounts (10- 

ioZzeotwoage peak) of C—-glycosyl bond rupture, the 

mass spectra of the 7-deoxy derivatives had substantial 
fragmentation to an ion idenified as d. Complementary 

to this fragment. was another ion assigned the structure 
Commer omcNOWnDe LOWe Lem GpoOsStLulAateds that thisti ragment 


was the result of a different fragmentation pathway 


| 


from that ford. For Ol and 7102. d was present eid 
S77 Ce NO eet Ca eed tiie deo 

Deacylation of 101 and 102 occurred smoothly in methanolic 
AMC ia sO five Guant hiativesy telis OF 105 sand Oa.) The Tree 
Hydroxy eroup was evident@in the proton NMR spectrum 


acvan exchaneeabple doublet at 6 5./ and from the IR 
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CONH> CONHp 
x X 
Bh ode MBE 6 M35 OL _-CONH, 
ag eee - 
00,2 @ 4 0 0 


H3C ‘3 ‘ CONH> CONH> 
~ H3C—~ Y= H3zC \ = 
(ean has 
0.0 A 0 
AD ss HO—CH3 
d 


_band at 3300-3400 chi Ions in the mass spectra were 
ole 
Observed fate m/er232¥ (Mie+d)r 023i (Mee D137 (M’ +1-CH,), 
+ + + 
216 (M -CH,); Love (Mt - CONH,) and 737M + 1-CONH, = 


CH,). Fragment d was present ‘as’ the base peak and e 
Wasepresenty ints 64ereletiverantensitys9" Atpichis* point, 
both isomers were crystallized and readily character- 
ized¥by@elementallanalysisseeireatment= 01105 or 


104 with mesyl chloride in’ pyridine gave 105 or 10 


in approximately 84% yields. These derivatives gave 
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EvypaenteeMResangsiat values of) 6) 3°45 and®3é¢17.forathe 
mesyi»®proup of the faster and slower migrating isomers, 
respectively. No parent ions were observed in the mass 
Bpecera of 105 or 106: ‘The majorefragments present 
were m/e 294 (M” - CH,), abGl6 Z) mand seat 1007) eemAs 
expected, displacement of the mesylate function using 
lithium azide proceeded smoothly in dimethylformamide 
LOmeca Ve aU veandelLOS@ingge7aylelds.  Thewazide group 
Pave. Lise, toga characteristic band at 42420 ar 1D 

the IR spectrum. The mass spectrum had ion peaks at 


mie 241 (M'-CH,), 214 (M"-N4) and 199 (Mo-CH -N,) as 


3 
wel Weaceitvagcments d) (947) Jand e217). Voy sil se 
CAapeiematd Cemonadm sOpLopy  idenee functions sof 7107 @and 
108 was achieved with ANGC (H) Hest i newe Li aiOC gato 
Cavemciemnatny le esters LOI Rand. it0 in -Csoieyields. 
Both isomers were isolated as syrups after chromato- 
graphy. The two isomers could be distinguished in 
the PMR spectrum by the carboxylate methyl signals 
aevowoeozetor the satacsteramigcratine ssomenuand. 0 = 3.04 
for the slower isomer. The heaviest fragment 
observed in the mass spectra of LO09send el LOswas at 
m/e 213 (M"-H,0). LEeatienteotetne: vicinalwdiols 
(LO9mandeell Ojswith bie=imidazole \thiocarbonate in 
acetone gave the thiocarbonate derivatives, lll and 
gees teen 2ienye Udaas The ni Nib pectiia) OL Ll ieeand elle, 


Avoiteexiipited the famildiar downfield shift for the 
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Sugar ring protons (Hy H.) attached to the thiocarbon- 
2remrunpetion. wihnesUVsabsorption t£orathe tthiocarbonate 
derivative was evident at 238 nm. The parent molecular 
ion off li leandeli2zewassethe base¢epeaksaten/eq273 (mt). 
Fragment ions at m/e 159, 127 and 83 were presumed to 


Dee y oeaAndac wml boce airagments awere alsovobserved for 


H3c © H3c © H3c ® 
S < @ y 
Q 9 owe ¢ 
l| 
: g 
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EhemoitOcanponate Go. Lhe carbenoid “type -structuré sin 
@ 4s an intermediate proposed by Corey moO in the re- 
ductive elimination of thiocarbonates with trialkyl- 
phosphites. The thiocarbonateiderivatives (lll and 
112) proved to be stable when stored at 0°C as a 
solid. They slowly decomposed at room temperature, 
especially when allowed to stand in solution. 

At this, point, Lt was anticipated, that 2.eeciuion 
of the azide and /reductiveseclinmination ol Laeeoa2o— 
carbonate function could be effected concurrently 
with trimethylphosphite. It had been reported that 
azides are reduced to amines by. the action of tri- 


Oo Ly) Thypat 


phenylphosphine Gietclimecnyisilyl phosphite. 
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Vigorous evolution of gas (presumed to be nitrogen) 
occurmned tupomediesolving ethers wll tom sll2 im tri 
methyipnosphite.cen Heating iofith ils: “solution at reflux > 
for approximately ‘fourteen hours “resulted ins complete 
COnVenstonmt Oeanunsaturated iproductshrstlhis reaction 
Cowl dain ou sbeimonn Gomedmby gsislLiciallic cand sdetection..of 
Dnemwprodauct by Fswkiuwic acid sspray. ecividentla this 
was due to the instability of the intermediates. How- 
ever, a qualitative measure of reaction progress was 
monitored by UV absorbance. The nh Am Gre ae start- 
ing material is UV absorbing whereas the product is 
transparent. Complete loss "of UV -activity indicated 
the disappearance of starting material. Trimethyl- 
phosphite was the solvent-reagent of choice since it 
Basten aeloweste bodtling ipoinieGlllaib2 °C) Sofethe readily 
available trialkylphosphites and can be removed from 

a reaction by evaporation under vacuum. Complications 
involving acidic simpuritiesiupresent in tcommercial tri- 
methylphosphite were avoided by using freshly dis- 
Bibled sand dried trimethyl phosphite. gikvdmolysis, of 
the methyl ester group to give furanomycin (114) was 
RGOtwGoup bet ee in UNG NSU On elon tee tear OO ie ell pe daa 
Pircereehesting this mixturewst 9026 for OLS thours 


gave a pale red-orange solution. TLC (nPrOH-H.0, 


2 


Pf -opeeiticaucated) that the wreaction was complete. When 
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tiesto tlatenyarolysis mixture was heated for 0.5 hours 
ape Um Cemmenemresilting solution was aedark ned color. 
The saponification solution was adjusted to pH 2 and 

app Luedm Loma co.Lumn. oO. NGC (HINT eens big helen says (ope 
PnemsOLUuTOnss Smad iustead  COnpDHeo=—)/,5 Most Of ‘the: pro- 
CUctwmisme LULeCE i nmtic saqueousmwash along with the methy1 
phosphates. Ruccuma bl yea anise resulted s from. sa it 
formation involving the aQ-amino acid and methyl 
poosphates.. siiis was Lectitied bysacadityane the solution 
LOMPHME Zoe Wit Che wOUldenesciut in protonation of the 
aminomacidmanrd more; protonation of the =methyl phos— 
phates. The separation efficiency was’ also dependent 
One tne concentration of thesgapplied solution. ~A 

dilute soigtion of the amino acid provided the best 
separation from the methyl phosphates. The solution 

was applied to the resin and the column was washed 

Wiel Wwe Lieew ate bees Doe d Wet) Camel tO n mwel.t bamO SSN, 

NH, OH Savertie, desiredsproduct.. “shhegnanhydnin  posa— 


tives tract tons were wollected sand, cvaporaledmunder 


VaAcCilOmtOw PL Ves O Mp 324). On loo Ot eee ome eet ain 


ScOLoOcedesot id’. 

Des pH Of an .aqgucousmicolucion Ob pcihe amigo ac 1ded sou ated 
UiecChi seater wasce app LoUscLieatcel yep 5-69 |) Contrary to. the data 
reporrederor thernatural antibiotic eh, this es Yat hetic 


PaUGUcLeLOmuOlceEChYStalilize: from water. Lt was, in fact, 
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dislemoohunbeminewater at pH 6.5. "“Crystallizatron*could 
not be induced by adjusting the pH of the aqueous solu- 
Cion, tomtne isoelectric point 28 Op Hes Sins) eee syn- 
thetic product was isolated as a microcrystalline pre- 
cipitate from acetonitrile-methanol and decomposed at 


175-178°C. The natural product was reported to decon- 


pose at 220-223°c. 7° The absorption bands in the IR 


Spectrum ot thessynthetic. product’ at’ 3000 oo (NH rE 


i 


meee O0meree 6 1460lcuga.and 13508enre 


Te 30n en ie (CO, 


did not correspond to thosSe reported’ for.furanomycin. 


The Re values on TLC (silica gel, solvent M, Re 20.4) 


and paper chromatography (solvent M, R, = 0.46 and 


bi 
solvent N, Re = 0.28), were similar to those Popeater 
Cotton eftects observed in the CD and ORD spectra of 
our synthetic product were [Sloig =) +25200 and [o]49 


1,100, respectively. Although these positive values 


were in agreement with assignment of 114 as an L-g-amino 


0), e010, 010 


acid, the ellipticity reported” for Che macura 
antibiotic was [8l546 +26,000. [he optical Trotation 
Observed mor olr producta@ol~ = —SUl)jewas also cai — 


D 
ferent from that reported Clo], = lass The 


Specific rotation cbsemved Upon acidification Clo], = 
—§°, IN HCl) of our product provided further evidence 


that 114 is an L-a-amino eae The proton NMR 
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Svectmunso tit aeat LOO MHZ ane DO had peaks at 6.1.38 
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(d, Jig SEG scm aime ts Ho); Shoal Gal. J5_3 aide anil Zar Ho); 
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ar Outs . Jn 4 mop taWwAt J3_5 =— ez. J5 6 ETRE a oe Ay A By, 
H,) > Diao emandm 0 LOCA Gk, Sis =0 0Hz., J, 3 eee lk Ze 
Smee Se) PAM IGA lees Hy» He). The 400 MHz PMR spectrum 
hagepeakseat) 6 134 (Cd. J5_¢ a0 Oe Zee Ho), Shy ters? (Cali. 
J5_3 = Spallal aee Hy) > Syelahy (Guy aks He), By ARE AG, @ dhe, H3)>; 


Sicily, ewer Teds Se Guy ees H,»H,). Themeheme calecs ha its 
(except for Ho) audmcoup Li nee CONnSLAL LS gO fOUr spLOaiice 
in most cases were similar to those reported for 
furanomycin. However, the splitting patterns for H in 
the PMR spectra were different. Natural furanomycin 
was Observed Lo _have a multiplet. (quintet) "pattern for 
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Ban Oeand O40) ppm (C,,C)), 25 eeands b30.0:p pn (C)>C ) 


5 
ands ./2)..0 .pptl (CO,H). 

The @-amino diastereomer 113 was easily distinguished 
Prone li 4mbyeitsephysicalmand spectral properties. This 
product decomposed at 185-190°C and had an optical ro- 
tation of [a], = +21°. The R. values on paper chromato- 


. 


Oe 45nCsolvente tl jucand Re = 0.28 (solvent 


graphy were Re 


N). The Cotton effect observed in the CD spectrum was 
[6] = -1700. It was estimated by integration of the 
Hy sienaigain the PMR ispectrum, that [8% of 114 was pre- 
sent in this sample. The proton NMR spectrum (200 MHz) 
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COoH 
HoN 
H2C 
Pip8 
16 
Phericepressure for 10 h. Thelproton NMR spectrum in- 


dicaceds that themmajor, productyhad values similar to 


that reported one Sfaid eg eh, ei os ag aPsoal Wah eB Ho); DsAOe=or 22.0 


Cree eos NOD ae Cont la Hy) Ore! Ol 4 Ole Cin, ede ys 


aes 


PGeappears that under these reaction conditions at 


B50 


least three minor byproducts were produced as detected 
DyVeeMRe spect LOScOpy. = .his could result from both 


Racemizatitons al Cy sand -epimerization at GC The CD 


2 ay 
COLGOnmeEREeCcty OL ello (plus byproducts) was 


| [lois 
PomuU00wmelthe larcvercnanee in, ©liptacity reported 


upon reduction of furanomycin ([68] = +26,000) to dihydro- 
furanomycin ([9] = +5,000) was not observed for the con- 
VeusLoumorebl4 oto ii}. 

It appeared that these discrepancies with the 
reported data for natural furanomycin could not be 
accommodated by the reported structure. Coincident 
WatiweCOMpD Let Olu Out Sa LiLesmonncdesne p OL ebiy ssh cM 
Joullié and co-workers re: appeared presenting evid- 


ence that the structure of furanomycin should be re- 
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vised to 2(S)-amino-2-[2,5-dihydro-5(S)-methylfuran-2(R)- 
yljethanoic acid (116). This trans isomer (116) has 


Similar but distinguishing properties from the cis struc- 


turem(114) reportede originally. he In private communi- 
COoH COpH CO>H 
HoN HoN NHo 
"Se O O 
ai Me rcnieas H3C\— 


| i7¢ 
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—— = oe 


cation with M. M. Joullié, we were provided with informa- 
Gioneonry the physicals and spectral data’ for LTGP and? 117 re— 
pared by the Ugi four-component-condensation echo mee 
The trans isomer (116) was shown by Joullié to be 
eicenticaim tO.an authentic sample: ot furanomycan by 
Mewes e DOL, OP Licaletotcatwon,e LLG, LR anus eM 
SpecEroscopy. — ine diastereomer 117 was "shown tobe 
dipierent from, 110) by optical, rotation and PeMhwspecurc— 
scopy. 

Joullie and co-workers also prepared diastereo- 
meric cis isomers ILS "and ello by*the Ugremethod., thut 
they were unable to assign the absolute stereochemistry 
Bemthe: starred carbons Cy eand "Cee eeWewedetermuncam@une CD 
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COoH COoH 
NH» NH»5 
CH3 H3C 
O O 
* * * * 
118 119 


acaouotnm Lor llégwasd hea +26,000 as reported for 


210 
natural furanomycin. Although the CD spectra of many 
amino acids have definite maxima, none was observed in 
EhewspectTume ofl 6. “The reported elipticity valuewwas 
Meaeuredsat 2 Omnm onan, infsectt onl of) aasharpl yarasine 
Curve POte ag positiyvyercombinataone Cot tonper fectea ethelCD 
Cotton effect for 117 appeared as a minimum at 220 nm 
of [91,59 = -2,900. Normally a~-amino acids give. rise 
tows Cotton etiect betweeng 210) -6215 0m, sie japparent 
Minimum for lijsappears at )220 0M jbhecause (the jtrve 
negative extremum is shifted to longer wavelength by 
a.sharply rising positive ;Cotton jeri ectiasimimitanm ato 

that ~obsexrved ifor Ll6.98lhis postive Co tiem egsrece 
could result from an enhanced strong electronic transi- 
tion occurring,dn the shone wavelength Side wii2210 ‘nm. 
Lt is, interesting, to note; that. this antenses Cotton 
efiect Was not eobservedswithethe jcis isomerse 11a, 7s 
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RTRs —2~7OGO0merespectively. Thiease, cDuspectral ~uesults 
175 


support the assignments by Joullié and co-workers of 


[6 } 


loyas angleosaminolacid and 11/7, 118;and 119 .as D=0-— 
ai nom cls mel ieeddttton., -agcompari son sof othe physical 


andmspectralapeonerties of 1198. (Joulliey and LILA (this 


wark)wrevealedsthat they are similar... The optical 
EOtabttonsawerentos9 wfor,llS and —Gcsforel14 and the 
COeCottougeftectsmawere als | b= sa, 900efor e118 and s[a 1 y= 


#25200 for 114. This data indicates that 118 and 114 
atpemenantLonerowandathere ore sthes Sstructuresos lloocan 
bewassiened 2(R)-amino-2—[2,5-dihydro-5(S)-methy)] furan— 
2S ey ethanolic gaci ds 

A Sinisart inspection of the physical, and) PMR spectral 
date Ores ee J Og lle) ands lj this work)srevea led) that 
they are similar. We observed that the optical rotation 
Oto ouLiie) hadmagvalue \o.f [a], ct epshey We Ale Tapeicy thes 
ready determined that 114 had a rotation of [a], = -8°, 
Aseimioce that, 1isy (thi sswork). and) .1 19, (Gjouidie) are identa— 
CAleande Our sy iihetice productel 3. contained approximately 
loot Ji 4. ther optical, rotation, for this mixture was 
calculated as [a], = +27°., This is in good agreement 
with the observed rotation [a], =e 215 forthe, mix 
tue, Of 13, C8272), ands lla. Glo’ ) peg lhes CDs spectrum of 
113.6 (containing 18%, 0f 114) ewasssimilary to that 
observed for 119 and had a value of [9loi¢ Su 17-00. 
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is assigned 2(R)-amino-2-[2,5-dihydro-5(R)-methylfuran- 
Z(R)—yilethanoic acid. 

Considering all of the preceding information 
wempropose; thatethe originally suggested structure 
(114) for furanomycin (which we prepared in the present 
work by a classical stereochemically defined approach) 
Poenote tdenticaleto the natural antibiotic. The syn- 
Eneticustudtes memp1 nr Load Ly NMR correlations made by 
Joudilie,and the! CD) data from this laboratory are in 
agreement with the assignment of structure 116 to the 
20etpuOrLemweUTranomycin. | further derinitive proof 
would require a single crystal X-ray determination. 

In conclusion, a note of interest may be made 
concerning the relationship between the biological 
acuivaity and structure Of sluranomycin. as “a metabolaic 
wanecagonist. As previously mentioned in the intro- 
duction, furanomycin in some respects resembles 
EnempoLyOxinss. (/)eandsthe recent ly eyithesi eed tale 
Zu joanino—-2-|js-enloro=4,5-dihydroisoxaz0d— (5) — Vda) — 
etnanoiceacida (15) (One apparently sonrecognazeu 
structural fLéature. distinguishing, these: inhibieors 
Lomehne CON Curation sat Chess po. LOD. Sun pTws tieby 
litt lesmention 2s, made wnethe literaturesoLr the 
stereochemical requirement of a-amino acids other 
than ato the @ position. Those reports that have 


appeared on L-isoleucine, L-threonine, L-phenylserine 
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Gatlo eae noted that the config- 


ez. 


andelLeallo—-tsoleucine, 
uration at the B-position is important. For example, 
it was found that the rate of L-amino acid oxidase 
wiLehel—chreonine.: and Lb-isoleucine was taster for a p> 
Lycontiguration thaneror the corresponding peDediast— 
ereomer. In a ssimilar manner, theyrate of D-amino acid 
oxidase with D-isoleucine and D-threonine was found to 
be faster for the B- 


cal ie and X-ray mt analyses have shown that the con- 


D than the B-L configuration. Chemi- 
0 

Picind tonsa tetnessp carbon of the naturally, occurring 
dvastereomer of U-isoleucine (120) is G8). Similarly, 


it has been established Lél, 182 


thatthe, coniicurations 
of —threarire Gi) ana Daal lone outnens(L22) scones 


ponudmtosthose ore L—-itsoleucine (120) and t—-alloisoleucine 


(123), respectively. Also, studies with L-O-methylthreo- 


nine (124) and its diastereomer L-O-methylallothreonine 

Gi indicated stunatethc sOrmer sss aeconpetitive siuhitpa] 
tor of L-isoleucine incorporation whereas the latter is 

not. This reflects the enzyme-substrate specificity in- 

volved in the utilization of L-isoleucine. It is (tempr— 

ing to specubatesthat the specificdtyrvot funanomycin 

as an L-isoleucine antagonist could be mimicked by 


other L-amino acid derivatives with substituents 


and Conftictration at the B-carbon resembling those 


of threonine or L-O-methylthreonine. The crystal 
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COoH 
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H3CHoCd CH3 
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OH 
HoN 
RO CH3 
I21.ReH 
I2a4R=CHa 


Strvuecture of D=threcnine 


125 


&OoH 
HoN 
H3C CHoCH3 
123 
,COoH 
HoN 
re 
H3cC OR 
122 R=H 
125 R=CH3 


has been established and the 


Sou ccealerConuvOcmat. On. 1sas andteated. 1n) 126. Re 


is possible that furanomycin would assume an analogous 
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conurogmation as shown in 12/. jit may also be noted that 
tChesconttecunatrougsat thest-carbons forethe antibiotics 
DOevOui ne @) feands2 (S)camino-2—[3-chloroz4, o-dihydroiso— 
azole oGleyiethanoic acidy(15)sstereochemically eeueyomy es 
thoseqftforgl-allothreonine (122) or L-O-methylallothreo- 


nine (125) the diastereomers of Uethreonine sands 0- 


methylthreonine. 


O 
Tl = ate CH,OH, CO,H, CH, 
HN 
R,= 3-Ethylidene-L-azetidine-2- 
COnR, Bes | & carboxylic acid 
R_HN 
3 O 
R. = 5-0-carbamoyl-2-amino-2-deoxy-L- 
3 xylonic acid or 3-deoxy deriva- 
tive 
HO OH 
I6 
COoH 
HoN 
O 
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SUMMARY 

A synthetic route to 2(S)-amino-2-[2,5-dihydro- 
(Rh) emethyifuran=2\(R)-yllethanoicyacid (cis! diastereomer 
of furanocyin) (114) has been devised starting with ce 
diphenyl—2-(5-—0-benzoy1-253-0-isopropyiidene=8-D-ribo-— 
furanosyl)imidazolidine (44). The 5-O-benzoyl group 
Wesmconverted@tomthets-O-benzyl®group=by deprotection 
with methanolic sodium hydroxide followed by reaction 
with benzyl bromide and sodium hydride in dimethylform- 
amidesenhydrolysis ofathe “imidazolidine protecting 
PrOupsOhPIOawithypstoluenesulfonicwacid@savesthe free 
aldehyde which was treated directly with sodium cyanide 
and potassium carbonate followed by hydrogen peroxide. 
This modified Strecker-type synthesis led to the iso- 
De GuonmmOles 7O-aninyid co—/—O-bpenzyl—4>5-O-isopropy lidene= 
aDeely cero sDatalio, andwalirc) -heptoamides (9 and 92) 
which were separated by fractional crystallization. 
In the subsequent series of reactions each isomer was 
treated separately. The 2=hydroxy function was pro- 
tected with acetic anhydride in pyridine. Conversion 
to the 7-deoxy derivative (101 and 102) was accomplished 
by debenzylation with hydrogen over Pd-C followed by 
Hesylatton, displacement with sodium Lodide* and>*re— 
duction of the 7-iodo derivation with hydrogen over 
Pd-C. The 2-O-acetyl function was removed with 


methanolic ammonia. Reaction of this a-hydroxy amide 
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derivative with mesyl chloride followed by displacement 
with lithium azide gave a key intermediate 3,6-anhydro- 
2-azido-2,/-dideoxy-4,5-0-isopropylidene-D-glycero-D- (allo 
aud@altro)-heptonemide (07 and 108) = Concomrrant 
solvolysis of the amide and isopropylidene functions 
was achieved using ANGC(H’) resing in methanol. = De 
resulting dQ-azido ester was treated with bis-imidazole 
ENVOcaGbOn Lem oom vem hes 4, 5)—-O0- tha @carbonatom 1 mter— 
Medid CemC@rlimOnel re Reductive seliminattonPor= the 
thiocarbonate function with trimethylphosphite (Corey- 
Winter procedure) gave accompanying reduction of the 
azgiGaenrruncti10n, = Hydrolysis Of Lhis intermediate” with 
PNesoOcitumenydtOxidescave the desired productss. 2-(R 

and S)-amino-2-[2,5-dihydro-5(R)-methylfuran-2(R)-yl]- 
Gubanotceacia, (lig wands ii) 

A recent report by M. M. Joullié and co-workers 
Sugeesteaq that. the Structure ofthe” antibiotic = furaneo-— 
RVcinNmpemue VEsSedmt Ones ) —amino-2— (2. 0—di hydro > (S))— 
methylfuran-2(R)-ylJethanoic acid (trans diastereomer 
GQrmoultes yeti cypLOdUCt. mil OG) ee LNCSCmWwO gh ersma loo 
pEeepared: 92 (k)-amino=2— (27 5-dihydro-)> (5 )=methy i tuan. 
2(Rk)-yljethanoic acid (1li7) and the diastereomeric 
Z(R)—amino=2— [2 ,o-dihy dro Sok and S)omechyliurans7— 

(R and S)-yljethanoic GG iadsms alone (1d) J8L0)) ee ee COM 
ficuratwvons at C. and Ce Omephe latter compounds 


were unknown. In private, communication with Professor 
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Joullié we determined that the CD Cotton effects were 

in agreement with their original assignments of con- 
figuration at C-2 for the a-amino acids. Furthermore 

it was found that 2(R)-amino-2-[2,5-dihydro-5(S)-methyl- 
furan-2(S)-yl]Jethanoic acid (118) prepared by Joullié 
and coworkers was the enantiomer of our) cis L-a-amino 
acid product, and their 2(R)-amino-2-[2,5-dihydro-5(R)- 
methyliuran—2(R)>yilethanoiceacitds (119)ewas identical 
Eopour cise D-o-aminosacid, sonscomparisonyofetheir 
physical and spectral properties. 

It was concluded that the independent synthetic 
studies. empirical 1h NMR correlations made by Joullié 
and the CD data from this laboratory are in agreement 
Wabiethesassionment obvnatural furanomycingeas @2 CS )i- 
amon —2— | 2. -duhyd ron Gy amMeta yl fainan AG) av ll vethanoac 
pacidvand not (2(S)-amino—2— [2 5—dihydr o2o.(R) ~methy Je 


turan—2(R)—yl lethanoic jacidgas proposed jonigina lly. 
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AG General Procedures 

Metting@points saresuncorrected Vandi wereltakenson-a 
Reichert microstage apparatus: Ultraviolet spectra were 
recorded @oneaeCary ei 5espactrometereinemethanol. Infra- 
red) spectrasweresrecorded on asNicolere71 999 TKIR) 
Epect, OMe Cera IneehlLoroLoLtmssSO“uttones asha, neatatiam or 
inekKbr pelleteeethee cD and) ORDSspectrakwereurunuonga 
Jasco ORD=UV—5e(CDe5S-20)Gspectrophotepolarimetersan 
HAO oreHCiesolutionse. wOpticalfrotationsswere, deter-— 
mined with a Perkin Elmer 241 polarimeter. Proton NMR 
spectra wereyrecordedvonla Varian HA-100) instrument 
normally in cpcl, unless specified otherwise. The 200 
and 400 MHz spectra were recorded in D,0 on a Bruker 
WHe700Pand Bruker=WHe 400" instruments |respectivedy-y_ ithe 
13% NMR spectra were run on a Bruker HFX90 (Nicolet 
FUSCU)F Los trumentein D,0. Mass spectra were obtained by 
the mass spectroscopy laboratory of this department on 
an AEI MS-50 (70 e/v) instrument using direct probe 
sample’ dntroduction from 100-250°C. *'Chemical) ionization 
mass spectroscopy data was obtained using the AEE MS-12 
(NH) instrument. All peaks quoted gave satisfactory 
agreement in mass measurements with the structures 


assigned. Elemental “analyses were determined by ‘the micro- 


analy t poad svaborat ory -Ol@etinls Wepartment. 
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AlUesolvents were distilled prior to use. Skelly 
Cbemwacmoistd | ledmandethat fraction botling: at 03-65 °C 
Wasmrecovered.g)Purifications of solvents, and reagents 
were accomplished according to those described in 
ePurd ttcattonsorsLaporatory, Chemicals. D.  D.. Perrin, 
Weel) -eATMaLresoO ands). RR. Perrin, Pergamon) Press, of 
Canadas Lede. OmAdelatdesot. East, coronto, Ontario, 
1966. Reactions were protected from moisture using a 
drying tube filled with calcium sulfate unless the re- 
action was performed under nitrogen. Solutions were 
dried with anhydrous sodium sulfate prior to concentra- 
tion. Evaporations were carried Out, using. ag Buchs 
rotary evaporator equipped with a dry ice condensor 
using the water aspirator or oil pump vacuum. Hydro- 
genations were performed over 5% palladium on charcoal 
catalysts obtained from Eastman Kodak Co., Rochester, 
Newel Ot ke Ot. oLOmMeApacte Chemicals int. Seward. 9 1jiiinois, 
Bojan ydnogenattoOnuofethes toi-O-penzyil derivatives, 
this catalyst was activated by washing with 1N HCl 
followed by H,0. The catalyst was then dried and kept 
under vacuum. Raney Nickel (#28) was purchased from 
Wena Grace <and Co. Soutierittsburg sy lennessee. 

Thin layer chromatography (TLC) was performed on 
Eastman chromatagram sheets (silica gel #13181 indi- 
cator #6060) when monitoring with UV light (254 nm). 


Glass plates (75 x 25 mm, coated with silica gel pre- 
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pared in a chloroform slurry) were used for detection by 
spraying with a 5% H,SO,-EtOH solution and heating the 
plates to 100-200°C. Silica gel column chromatography 
was performed using J. T. Baker #5-3405 (60-200 mesh) 
Sita mee ies Ion exchange chromatography and amide hyd- 
rolysis with acid resin was effected using ANGC(H’)-244 
Boscia loOnmiwet wba keruchem, sCO. lhe systems used. to 
Silica gel chromatography were solvent A: Skelly "B"- 
ethyl acetate (5:1), solvent B: Skelly "B"-ethyl acetate 
Ge iDresolvent C: sSkellva'B —chlorotorm Pestle. solvent 
Dewokellyaabe—ethers (lol) solvent Be Skelly UB ether 
Gi: 4) aso LVent. Fk?) Skelly se 8 —ether .~(4:l )pasolvent, GCG: 
Chiorotomm-ethyleacetateu(l<)). solvent Skelly 3B 
ethyl acetate (1:2), solvent K: Skelly "B"-ethyl ace- 
tate (3:1). Paper chromatography was performed on 
Whatman #2 chroma sheets. The solvents used for 
ascending chromatography were solvent M: n-propanol- 
water (7:3) and solvent N: n-butanol-acetic acid- 

water (4:1:6 upper phase). The products were detected 
by ninhydrin spray using color development at room 
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aha Syntheses 


ReacuLoneoOr ULetnylemalonate’, diethyl acetamidomalonate 
and diethyl nitromalonate with 5-O-trityl-2,3-0-isopro- 


pylidene—-6-U-riboturanosy! schoride, #tomgive =3/ = "4 


The diethyl malonate (2 mmol) in dimethoxyethane 
(5 ml) was added to a stirred suspension of sodium hyd- 
ride (96 mg, 50% oil suspension, 2 mmol) in dimethoxy 
CEnanecw(oaml)oundemunt trogen at) O0.1Ce. After 025. hi at 
room temperature, the mixture was treated with sodium 
iodide (300 mg, 2 mmol) and chloro sugar 36 (900 mg, 
Zeno Sean r ned sateret lux etors2 5h. The mixture 
was cooled and poured into ether (50 ml) and saturated 
aqueous ammonium chloride (100 ml). The organic layer 
Woasmwashied with saturated brine (3 x 25 ml) dried and 
evaporated to a syrup. The residue was purified by 
GiiiOmatociea DIVO nest Cam (20n Chei2. 2a x eLGwcM) san lutaon 
WeLieoOLvelteAmcayvcmthemcesi Led phoducCtse 3/5. 30) (Oo), 
20 (US), AO (Ghee a ay (ER ear 


(CO,C,H,)3 (40) 1680 oni (NHCOCH,), 1730 Soyo eee) 


pes 
NMR (CDC1,) 6 1.00 - 1.50 (m, 12, CO,C,H, and C(CH,),), 
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3, 6-Anhydro-4,5,7-tri-O0-benzoyl-D-glycero-D- (allo 


and altro)-heptononitrile (42) 


AwStrrreds Solution of thewprotected ribofuranosyl 
imidazolidine (23 7eR =Bz2) Cle33 "25 2 mmol) in methylene 
ciborides(40 ml) Sat troom*temperature was treated with p- 
toluene siulioare "acide CIl4 o%*"6* mmol) in acetone’ “(10 
ml). After 1 h the solution was diluted with methylene 
enmiloride*(40 mle "'and’ filtered.” The* filtrate was ‘treated 
mic isodd um tbacarbonate: +C2 ~)4°" This’ mixture was’ re= 
filtered and evaporated to a syrup. The residue was 
dissolved in p-dioxane (40 ml), cooled to 10°C and 
treaced wath sodium cyanide (2° ¢)san®water (20 ml)* 
After 0.5 h at room temperature the mixture was diluted 
with saturated brine (20 ml) and extracted with ethyl 
acetate (3 x 25 ml). The combined organic layers were 
washed with saturated brine (3 x 10 ml) dried and 
evaporated. The residue was chromatographed on silica 
256s, 28 kee em)”  “Ehiution with solvent” B gave 910 
mg (91%) of 42: IR (film) 1725 cm? (benzoate), 3450 
em’ (OH); NMR (CDC1,) 6 4.2 - 4.7 (bs, 1, OH), 4.4 - 
Woden Gre) A H,)> Moshe no wi alee SOR), aes H, and HesHers Loo = 
RS OT G tegen a Hy), Seon sree Wot oe Brie ars! Hy) 1, 0e— 
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D=(allo anceaktero)=hneplononitrile (43) 


Aecolmeroneotutne d-hydroxy nitrite (42)—( 910 men 
(Cann mwacmdEssouved= in pyridine s@7oemiy) ac 0 Chand 
Preatvedwmwliima Ce tLGeatiivariaew. mi). At ter 16" hat 
OVCrene solutaone was dituted- with ace water? (50° ml) 
animecCe Mn acucanw hiieciTLOrororim (Uj x 2o7mL). one combined 
organic layers were washed with 1N hydrochloric acid, 
saturated sodium bicarbonate and saturated brine. The 
Solution was drledeandwevyaporated to vive S30"me (767) 
Coes Omcceed oy GUD. BONGCe1SOMGCh wis —lractionalily cry stat— 
Pizedatrom chLorotorm—Skelly “BY “(20792 mp 146 —"150"-C; 
A of Oedon Qh pen Abe OAs) cae (benzoate), 1760 aa (acetate); NMR 
(cDC1,) OrernOr (She. COCH,), ge) —— 4.98 (ine 4, H 
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iO ee CU 29 Crean 606.0 see 4665. N 56248. 


2, o-Annydtio=3,4-0-lsopropylidene—D-allose (CAE) 


AMsticrred solution) of stile cri boluranocy leet mada c Gua 
dine (45)" (390 me, 1 mmol) Sin methylene chlorides (15 m3)) 
at room temperature was treated with p-toluenesulfonic 
Acid monohydrate (5/0) mg.07 mmol) inm™acetone (1 mi). 


After 15 min the dense white mixture was diluted with 
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ethers oemiyjeand filtered through celite. The, filtrate 
was concentrated to a white gum and dissolved in ethyl 
acetate CZ ent. lois solution Was wasned with aysmal i 
volumes ot Saturated brine ( 5 ml). The aqueous layer 
WascmextEACvedawitueethyl acetate (34x15 ml)... Ihe 
combined organic layers were dried and evapor- 

ane dmecOmamwitbeesolwd «(210 moe, quantitative). This 
SVitimwacmcr ys toalin zedmerom Chlorolormeand= 5 kelly a.Bb.: 
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3,6-Anhydro-2,N-benzylamino- 2-deoxy-4, 5-0-isopropylidene-D- 


PlyceLro—— (al logand@aliLTo)-néepronon limi doa) eend 
heptonamide (48) 


Sodium) cyanide, (249 me)ein watier.( 25) mi) ywas 
addcometOm see luton Ormnrenimcebailaty / a (2 0Zemer a 1 
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Everts OLuLionmsot benzylamine hydrochloride (149 me) 
inewaclere(2 Omml was added.  Thessolution was heated 
AOU sCMLOLetoOrtLyeminutes., coobedeand extracted with 
Ch lororL Onna (sm xee oem lo) = Thescombined @oncantcelayers 
wWelLomontLod@aniumewapobated to-eaver 210 me (657 )) of: 47: 
NMR (CDC1,) 6 1.32 and 1.48 (sts, 3+3, C(CH,),), 3.0 
Cbs eee ee Olea 1d NHC_H_), a Daa eM, eS Ue arerand 
CH,C,H.), 7.3 (m, 5, C,H); MS m/e 291 (M-HCN), 276 
(M'-HCN-CH,), 195 (F-CoHQN,). 

This residue was dissolved in p-dioxane (5 ml) 
coomedmetoelO=C ands treated with potassium carbonate 


GEO Omi c ani Newa Get C2 mm), BEOlLowed= bym3.07) as) 


2° 9 
ml). The mixture was stirred at room temperature for 
Zeimandme <eGactedsewithemethytene chloride )(3 x 10yml)- 
The combined organic layers were washed with water 

(2 x 10 ml) dried and evaporated. The residue was 
DUuLtmted (by, chromatography ‘on silica, (10 -g, WE Aish ee 8) 
cm). Elution with ethyl acetate followed by ethyl 
acetate-ethanol (9:1) gave 180 mg (53%) of 48 as a 
syrup: NMR (cDC1.,) 6 lo 2 and <92~ (s-+s),6ro 4 Le CH ee 
Sea OP (see. Pee Oe ees\al NHCWH_), Che GA (Guth ether Ripe clea 
CHSC HH.) (oe O Re heme FhaNOh (Genetic A CONH,), hae ACSA 
CHL); MS m/e 321 (W-CH,), 292 (M"- CONH,), 230 
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(M -NHC FHL). 
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Methyl 2,3,2-tri-O-methanesulfonyl—8-D-ribofuranoside 
(49) 

Methanesubtrony | chloride, (15 7c.) 10 mi, 120 mmol) 
was added dropwise to a stirred solution of methyl f-D- 
ribofuranoside rae (CSeoves Osmo! in pyridine (75 em.) 
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water (500 ml) and methylene chloride (200 ml). The 
aqueous layer was extracted with methylene chloride 
(3 x 100 ml). The combined organic layers were washed 
with saturated sodium bicarbonate (3 x 50 ml), satur- 
ated brine (3 x 25 ml), dried and evaporated to a 
solid. This residue was crystallized from chloroforn- 
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wit hee sodium ylodide: 450 me 3 mmol) “and Heated "at 150°C 
Pongo 0emin. wavhernixtune Iwas cooled) fdillaated with ichloro-— 
formeeG20 mL) and) fi Neered).05 The ‘solid was washed" with 
chloroform (30 ml). The combined filtrates were Nae 
with 52 aqueous sodium bisulfite solution (3 x 10 ml), 
Saveur aved sbrinen (3, eL0 ml)y, dried) and evaporated to “a 
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Methyl ao-deoxy—2),3-di-O0-methanesultonyl-~—-D-ribofusano— 


side (53) 
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1 mmol), triethylamine wGloQgme and aschip oimecrye sce 
in ethyl acetate-ethanol (2:1, 10 ml) was hydrogenated 
atsatmospheric, pressure loversow, Pd-G »(50 ame). After 
5 h the mixture was filtered and evaporated. The 
residue was dissolved in chloroform (50 ml), washed 
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G3ex) Oem) jedried and evaporated «to ceive 300 me (987) 
of 53 as a syrup. This product was homogeneous by TLC 
(EtOAc, Re ae O51 NMR (cDC1.,) Om 45 5 Gl co. 
Spec us em ele ha (cis, 3437450 
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Methyl 5-deoxy-5-iodo-2, 3-di-0-p-toluenesulfony1-8-D- 
ribofuranoside (52) 
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mmol) in dimethylformamide (5 ml) was heated at 150°C 
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0.34 mmol), triethylamine (250 mg) and a chip of dry 
ice in ethanol (10 ml) was hydrogenated over 5% Pd-C 
at atmospheric pressure. After 4 h the mixture was 
filtered and evaporated. The residue was dissolved in 
Cnhrorgrormectco mL) and washed with 52°sodium bisulfite 
GJaxe oem lw asaturaceac prine (2 x 5°mil), dried and 
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residue was dissolved in hot methanol (150 ml) and 
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ribofuranosyl)-imidazolidine (55b) 


Methanesulfonyl chloride (170 mg, 1.5 mmol) in 
methylene chloride (1 ml) was added to a solution of 
thesamidazolidinessugar (45) (396 me, lL mmol) in pyri- 
dine C4enlje at OnG. Arter 42h) at. 0OLG the solution was 
poured into saturated sodium bicarbonate (20 ml) and 
methylene chloride (30 ml). The organic layer was 
washed with water (2 x 10 taf eR and evaporated 
to give 450 mg of a white solid. This residue was 
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1,3-Dipheny1l-2-(5-chloro-5-deoxy-2, 3-O-isopropylidene- 


B-Doriboturanosyl imidazolidine \(55c) 
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Methyl 2,3-0-thiocarbonato-5-0-trityl-8-D-ribofurano- 


side (60) 


ASsolutionvof the 5-O-trrityledernivative!(59) (2205 
ay 5 mmol) and diimidazole thiocarbonate (1.3 g, 7.30 
mmol) in dimethylformamide (25 ml) was heated at 90°C 
Eory3 h; Cooled, “diluted cwithvether .(¢50iml) sand poured 
intvo®atsolucion of saturatedysodiumtchionideag(l00 tml). 
The aqueous layer was extracted with ether (3 x 25 ml). 
The combined organic layers were dried and evaporated 
EO S1Ve 2a loeeuw (Ite eotta Lightiyel low foam. This was 
dissolved in dimethylformamide (3 ml) and diluted with 
ethanol (20 ml). The resulting crystals were filtered 
tomedvemln 4s (602) Sof tcolorlessyneedles@(60)> mp 125 - 
126-C. “Ans analytical, sample was recrystallized from 
ethanol—-chiorotorm: mp 132 - 133°C; ladse Pee Ce GES 
CHC1,); UV max (MeOH) 238 nm; NMR (cDC1.,) Omens. 
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Methyl 2,3-dideoxy-5-0-trityl-B-D-glycero-pent-2-enofur- 


anoside (61) 
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A solution of the 2,3-0-thiocarbonate (60) (896 mg, 
2 mmol) in trimethylphosphite (4 ml) was refluxed under 
nitrogen for 7 h. The mixture was cooled and concent- 
rated to a syrup. This residue was chromatographed on 
Si Loom. Oe ee exe Oo cm). Bluctonewith skelly ~B% 
1% pyridine followed by solvent D gave 670 mg (90%) of 
a white,solids This was .dissolved sin ether ‘and diluted 


with pentane. The crystals that formed were collected 


Comeives400emem(542)) of pure 61: mp 87 — «88°C: Tate 
82 - 83°C; [a]-> - 88° (c 1, Gio lao eae = 


72° (c 1, CHC1,); IR (KBr) 1625 em * (C=C), 1590 cm’; 
NMR (CDC1,) 6 3.00 - 3.40 (m, 2, eae Smee) Tt ss 

3 
OCH,), 4-75 - 5.00 (m, 1, H,), 5.70 - 5.90 (m, 2, H 


G20 0856-8) (mua, H); OS ae) 22 OO ae se a, CoH). 


1,3-Diphenyl-2-(5-0-dimethoxytrityl-§-D-ribofuranosyl) 
imidazolidine (63) 

Aesoiution of, the imidazolidine sugar (62) (1.78 
g, 5 mmol) in pyridine (25 ml) was heated at 70°C with 
dimethoxytrityl chloride (2.2 8, 6 mmol) for 45 min. 
The mixture was cooled, diluted with chloroform (100 
mi), washed with saturated brine (3 x 20 ml) sy dried 
and evaporated to a syrup. This residue was purified 
by chromatography on silica (100 g, 4.5 x LS Fey he 
Elution with solvent D followed by solvent E gave 3.0 
g (91%) of 63. TLC revealed the presence of a trace 
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: 1S) ° 
O26) in 63: [a], oe Oe Cun airs CHC1,); UV (MeOH) max 
Voom mo 000) .elax 259 ni Ce eo 4000), shoulder 278 
nm. .€257,,.300 )yaNMR (cDC1,) Gis 9 9S 43 Oe Gm 93 esugad; 
CH,-CH,), Coby (ONS Kos OCH,), sre leer. (eye a5 ak tees Ae a I 
H,); 6 24:0 45 9 950 o6m; 3144 Cp H,)- 


Poon henyl—2o(5-O-trityl—f=D-riboturanosyl)imidazoli— 


dine (64) 


Agcsolution ofathepimidazolidinegsugarg(62) (G72 
mg, 2 mmol) and trityl bromide (969 mg, 3 mmol) in 
pyridine (10 ml) was heated at 60°C for 1h. The 


course of the reaction was followed by TLC (EtOAc Ry. 
Sm me); Res DGEOd wn. fo) eohneareact Lon gwas .coo.Led . 


diluted with chloroform (50 ml), washed with saturated 
SOdtumpcmLoride ws exelLOumL) .odnied and wevaporated gto 
a foam. This residue was purified by chromatography 
Goes plica (2080582. 2exelOwcn). sh lutiongwith solvent 


D followed by ether gave 1.1 ¢ (92%) of 64 as a white 
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eo guanneny bat (5 oO0-trmi tyl-2) 3-dideoxy-8-D-glycero— 


pent-2-enofuranosyl)imidazolidine (66) 


PSoOlLGtLoOumOoLetnes s-O-trityileimidazolidine sugar 
(64) (598 mg, 1 mmol) in acetone (10 ml) was treated 
with diimidazole thiocarbonate (300 mg, 1.7 mmol) and 
left at room temperature. After 15 h the solution 
was evaporated to a syrup, and purified by filtering 
an ether solution of the residue over silica (5 g). 
Concentrationof the ether filtrate gave 600 mg (932) 
Oreeso lide G57. 

A solution of this thiocarbonate (640 mg, l 
mmol) in P(OCH,), (2 ml) was refluxed under nitrogen 
for 8 h, concentrated to a syrup and chromatographed 
Crees se cae el OleoeevOMxe ooeecm) ss «<RUaition: with soked ly 
"B" followed by solvent F gave 525 mg (93%) of solid 
OG Recrystallization of this material from ether— 
Skelly se bee gavel Me 20564) *Od- purel product: ‘mp! 126 — 
WAG [a]*? =) 3550 Com0vals: CHC1,); UV (MeOH) max 256 
Gunec¢e iden4 O10). Showlde ret293) mm Co 45 LOOP TRE ChB) 
cm + 1590, 1620; NMR (CD GIES)* 5412-13 5-3 Seba Gu a OF 
H rg? 3433.0, —"8S°07000 Ciara a GH 
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3, 6-Anhydro-4,5, 7-tri-0-benzyl-D-glycero-D- (allo and 


altro)-heptonamide (68) 


A solution of p-toluenesulfonic acid monohydrate 
(5.9 ¢, 3023 mmol) in acetone (5 m1) was added’ to a 
stirred solution of the imidazolidine sugar = Ga) 
CO. Jeep LUE Se mnoljean nethylene chloride "(LOU ai) at l07G. 
ALE Ce Stigiain ett Obes min at 0 aoe hollowed bys GO. min at 
room temperature, an additional 500 mg of p-toluene- 
sulfonic acid monohydrate in acetone (1 ml) was added. 
AbrueteaslOtat—ereaction cime Of 1 h, the mixture was 
diluted with methylene chloride (100 ml) filtered 
through celite, washed with saturated brine (3 x 20 ml), 
dried and evaporated. The residue was dissolved in 
1 4—dioxane, cooled to 10°C, and treated with sodium 
cyanide (8.7 g) and potassium carbonate (8.7 g) in 
WavereGCLUOgml).. AttLet stinting eat. 0 .Cetor as0gmane the 
reaction was treated dropwise with 30% hydrogen per- 
Oxide Gi0wuml) 2 "After isttirring efor th at Gee tthe 
Mixture was poured intOewater (3°). “Shegprecipitatce 
Was g@iicCered and dried *tomcive oro 2 9(9l fy eo rwos. 
TLG revealed the presence of a "trace of “impuri ta: 


(CHC1,/EtOAc 120, impurity R= Ore a product Ry = 10M 2 Ee 
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3,6-Anhydro-4,5,7-tri-0O-benzyl-2-0-methanesulfonyl-D- 


glycero-D-(allo and altro)-heptonamide (69 and (70) 


A solution of the a-hydroxy amide my (O58) 04.77) 


27 10 mmol) in pyridine (25 ml) and methylene chloride 
(35 ml) at 0°C was treated dropwise with methanesul- 
fonyl chloride (5.7 g, 4.05 ml, 50 mmol) in methylene 
chloridem(t5eml)e rs Atcer 7 *h at'0 C the reaction was 
diluted with methylene chloride (200 ml) and poured 
in Osi como lg ENG tivdrochlorice acide(100 mi)”. The 
organic layer was washed with 1N hydrochloric acid 
62x95 0ml4) Sisaturated tsodium bicarbonate °@’ x 25 mi)> 
Saturated brine (3 x 25 ml), dried and evaporated to 
arsolid,. “'iirisewas, triturated! with hot "ether (100 mi) 
aide bel tered to eive 2 4 "2 "(407%5) tote 69° “TLC Cethy1 
acetate-chloroform (1:1) Re = 0.4) revealed this to 
be the faster migrating isomer. This product was re- 
erystallized from methanol to give 2.1 g (852) of pure 
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(25.97, M + 1-CH,C,H,), 464.1374 (100, Tie CHACen 


26 
oe 
449.1501 (2.41, M + 1-OCH,C,H.), 448.1416 (2.7, wee 
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OCH,C,H,), 358.0963 (M. - CH C,H, - OCH,C,H,). 
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The residual syrup was chromatographed on silica 
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and poured into ether (100 ml) and 5% aqueous sodium 
chloride (25 ml). The aqueous layer was extracted with 
ethermusmcmz oem). the combined organic fractionss were 
evapoOratedmtovassyrup and puritied by chromatography on 
Sil Came (2 Ome eet eee 2 2. Cl) fe nh luctone with solv en tc 
gave the desired product. 

"Faster" isomer (71): The yield after chromato- 
graphy was 980 mg (98%). This solid was crystallized 
from ethanol in approximately 50 - 70% recovery: mp 
93 - 94°C; [a]o> 
oni (CONH,), 2110 cm 
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2(S)-Amino-2 (8-D-ribofuranosyl)ethanoic auca lel N@iisp wera: ths 
glycine ribose and 2(R)amino-2(8-D-ribofuranosyl)ethanoic 
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A solution of the tri-O-benzyl protected a-azido 
amide (71 or 72) (502 mg, 1 mmol) in 1,4-dioxane (10 ml) 
and 50% HC1/H,0 (Can lmwasms Gi tredtatecUL CG tor elon. 
cooled, diluted with water (20 ml) and extracted with 
CiLoroLormea(s)< 20eml).e Lhe combined organic layers 
were washed with saturated brine (3 x 10 ml), dried 
and evaporated to give 510 mg (quantitative) of a 
colorless stiff syrup. This was dissolved in ethanol 
(40 ml) and 1M NH, OAc-HOAc (LO0emL adjusted to =pHess 
with HOAc) and hydrogenated over 5% Pd-C (500 mg) at 
LOOepstasar AOun. SeALRCerethis stimes the sneactuLon was eid din 
wered through celite and the catalyst was washed with 
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well with water (until the eluants were neutral) followed 
by O.5N NH,OH. The ninhydrin positive fractions were 
collected and evaporated under vacuum to give 110 mg 
Coote yitet dsofm/Se0r, /6 as a tan colored) solid, which 
migrated as one spot on paper chromatography [solvent 
system M (Ry = 0.25) solvent system N (Ry =O Os) ir. 

CoystallazavLlonsot 75 from ethanol-water gave fine 


2 
colorless»needies: mp 208 210°C (d); rele = we 1S 


1 


O.1, H,0); IR (FT) (KBr) 1640 cn (CO,H), 3400 un 


(OH); ORD (6N HC1) [o],55 = +2,000; CD (6N HCl) [8]549 = 
TOs 

Analmecalcdmrtor ClH, ,N0,.3/4H,0: Cleon OSH. 
GEO cia Ne Oe) 9 ee POUNC sages Os OD 380 0. 0/7 me NG O00 « 

The remaining isomer /6 was isolated as an amor-— 
PHocusesolid: mp 120.0 Wd); [a], me ter 1Ger Aiba ke H,0) 3 ORD 


(6N HCl) = -2,300; CD (6N HCl) [8] co tani Reopen Oe 


[?loo5 210 


1,3-Diphenyl-2-(5-0-trityl-2, 3-di-0-benzyl B-D-ribo- 
furanosyl)imidazolidine (77) 

The imidazolidine sugar (64) (3-0 g,5 mmol) in DMF 
(12.5 ml) was added to a suspension of NaH (960 mg, 
SOZs011) Suspension, Z2O0gmm) sin DME) (5 ml) eundersnittro— 
gen at 0°C. After 2 h at room temperature the solu- 
tion was cooled to 0°C and treated dropwise with 
benzyl bromide (2.38 ml, 3.42 g, 20 mmol) sin UME 


G/-OntUjmoverma period sOfes0umin. The mixture was 
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Chensistirred: ateroom’ temperature “for 2.5°h, carefully 
quenched with MeOH (1 ml) and poured into a mixture of 
ether (200 ml) and H,0 (200 ml). The aqueous layer was 
extracted with ether (3 x 25 ml). The “combined Pere te 
layers were washed with saturated brine (3 x 10 ml), 
dried and evaporated to a brown syrup which was puri- 
Pedy by rcunomatographycon isidica CL00 #g 94 -5°'x 18 *cm)* 
Elution with Skelly "B" followed by solvent F and then 
solvent ms gave Se 45a7ee(SS2) "of Viieas a pale’ solid foam 
homogeneous by TLC (Skelly "B"/ether 1:1 Re ~ 0.7): 
[a}*> teOmmnce Uni le CHC1,); UV (MeOH) max 255 nm 

(€ 32,000), shoulder 293 nm (€ 4,200); NMR (cDC1,) 6 


BeO0O0U—~ 47.6008 (mye Loan. sugar “and ‘CH CH,), SmrOve Chis eels 


Me 
-L 
Hy); 62608ee7/. 504 (ms SDs CoH.) 5 MS¥m/ e3'7 738% (Me) 9 670 


+ + 
(M' - HOCH,C,H.), 562 (M - 2( HOCH,C,H,)). 


1,3-Diphenyl-2-(5-0-dimethoxytrityl-2, 3-di-O0-benzyl-8-D- 


ribofuranosyl)imidazolidine (77a) 


A ‘solution of (the eimidazolidine-joupar G63) ((o.0) eg. 
0.75 mmol) in dimethylformamide (20 ml) was added at 
OF Cato, ay suspension.of, sodium hydride WA 48s eee 0 jaoee 
suspension, 3 mmol) in dimethylformamide (8 ml) under 
nitrogen .,ATtéer 23h sate roonmmcenpenatune wohewreaction 
was cooled to O°C and treated dropwise with benzyl- 
bromide (5.26. ¢,, 3.65,.ml, Sp) mmo). in dimethylforn- 


amide (12 ml). After 2 h at,room temperature, the 
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reaction was quenched with methanol (2 ml) and poured 
into a mixture of ether (100 ml) and 5% aqueous sodium 
chloride solution (50 ml). The aqueous layer was ex- 
tracted with ether (35x 42.5) mL) ta eeihe, combaned-ioreanic 
layers were washed with saturated brine (3 x 25 ml) 
dried and evaporated to a syrup which was purified by 
echromatorprapny son silica (100) geese xiSiicm) 1% Elution 


with Skelly "B" followed by solvent D gave 5.4 g (852) 


23 
x Ea 


UV) (MeOH) “max 928 9num Ge *33;,000))*¥ max #253. 7( e033, 500); 


Of //a tasa tpate yellow foam? *[ca')} a CemO.alk, CHC1,); 


showlder ©2388 %(e4*5,700) NMR (cDC1,) 5822908 4.180) Gu, 
15, sugar and Che 3.75 (s, 6, OCH), Sie5 Sie Cbisl, wie H). 
+ 
6.60 - 7.50 (m, 33, C,H, and CH) MS m/e 838 (M , 
—*s ef +4 
Co ¢Ho,N,0,), 750m (uM -HOCH,C,H,), 622 (M -2(HOCH,C,H,)), 


JOSE (GRRL 05) W2238(CHIHNNF)* 


debaAanhy dx o54% 5-dt-O-benzyl-D-glycexo-D- (lio and altro)- 


heptonamide (79) 


A solution of the trityl-protected imidazolidine 
sugar (77) (7.78 g, 10 mmol) in methylene chloride 
(150 ml) was treated with MEME alda ite ete acid mono- 
liydrate “(/. 62, 40 mmol) Hn acetone (10 ml) and stirred 
at room temperature for 50 min. The solution was 
diluted with methylene chloride, filtered) through 
celite, neutralized with pyridine (1 ml), and evapor- 


ated to a syrup. The residue was purified by chromato- 
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Sraphywontstitca’(80 27923 ix 73 em)” Elution -with chioro- 
form followed by solvent A and then ethyl acetate gave 

+ 
SOME ole) eOuwLoveMS ame 342504666 (0.07, Mo, calcd for 


C BA2RUAGGY 0250, 0915 B(oeuas | M'-CH,C,H.), 


2042295! 
234.0887 (3.30, M-HOCH,C,H,). 

This syrup was dissolved in 1,4-dioxane (80 ml), 
cooled to 5°C and treated with sodium cyanide (4 g) and 
potassium carbonate (4 g) in water (60 ml). After 30 
min at room temperature the mixture was cooled to 00°C 
and treated with 30% hydrogen peroxide (19 m1). After 
fieheat) O- CG the mixture was diluted with water (100 ml) 
and ethyl acetate (100 ml). The aqueous solution was 
saturated with sodium chloride and extracted with 
ethyl acetate (4 x 25 ml). The combined organic 
fractions were washed with saturated brine (3 x 10 ml), 
dried and evaporated to give 2.95 g (93%) of 79, homo- 
geneous by ILC (ethyl acetate-chloroform (1:1) R, = 0.13 


f 


echy lacetace, Re = 0.3). One isomer fractionally 


crystallized from chloroform in approximately 10% 
Yaeldsand proved diiliculieatorecrystal Lice epee ode 
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3,6-Anhydro-4,5-di-0-benzyl-N,0,-isopropylidene-7-0-meth- 


Z. 


anesulfonyl-D-glycero-D-(allo and altro) - heptonamide (82) 


ABsolutton otmeneai—hydroxyeamt dems 9)) G20 2 si) 1 
mmol) in acetone was treated with perchloric acid (0.6 
ml of 70% solution) and allowed to stand at room ten- 
perature. After 4.5 h the dark brown solution was 
neutralized with concentrated ammonium hydroxide (solu- 
tion turned pale yellow) and then concentrated to a 
syrup. This residue was dissolved in chloroform (100 
mijewasneduwith saturated brine .(3_ x LO minha dra ede and 
evaporated. The residue was co-evaporated with benzene 
(20 ml) to give (81) as a¥syrup: MS m/e,42851(0. 3), Mode 
427 (0.8, M), 412 (0.5, M'-CH,), 336 (11.7, M-CH,C,H.). 
This syrup was dissolved in methylene chloride (50 ml) 
and pyridine (25 ml), cooled to 0O°C and treated drop- 
wise with methanesulfonyl chloride (6.2/7 g, 55 mmol) 
inemethytene chloride (259ml) Arter tl 2oheat 0°C the 
mixture was treated with ice water (25 ml) and extracted 
with methylene chloride (3 x 10 ml). The combined 


organic phase was washed with saturated brine (3 x 20 ml), 
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dried, evaporated to a syrup and purified by chromato- 
Erapiyeonmstircas (LOOM syPl2ex 4i5—cem) SE lutvon4wi th 


solvent Bj"followed by ethyl*acetate"gave 5:1%g (922) 
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3,6-Anhydro-4,5-di-0O-benzyl-/-deoxy-N,0,-isopropyli- 


2 


dene-D-glycero-D-(allo and altro)-heptonamide (84) 


A solution of the 7-O-mesyl derivative (82) (4.55 
g, 0.9 mmol) in methyl ethyl ketone (250 ml) was 


treated with» sodium iodide (2.7 ¢, 18 mmol), refluxed 
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slaty 


for 20 h, cooled and evaporated to a yellow paste. 

This residue was dissolved in chloroform (150 ml) washed 
with 5% aqueous sodium bisulfite solution (2 x 20 ml), 
SAL ied Gt em (xe 20M) dnted ang evaporated to5 
give 5.0 BG 83 as a viscous syrup: MS m/e 538.1062 
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aS7= LULZ Peo 2or US 2 oe C02 3s M'+1-CH), S2Z2507.9%" (Oa50, 
M’-CH,), 446.0468 (22.54, M’-CH,C,H.), 431.0588 (0.35, 
M'+1-OCH,C,H,). 

This syrup was dissolved in 98% ethanol (100 ml) 
treated with triethylamine (10 ml) and a chip of dry 
ice wand hydrovenated=at L5*psiMover@s25Pd/c= (500'ne) 2 
After 6 h the mixture was filtered and evaporated to a 
syrup. The residue was dissolved in chloroform (100 
ml), washed with 5% aqueous sodium bisulfite (2 x 10 ml), 
Saturated brine’ (2° x*l0OPml) >} -driedsand evaporated. )The 
product was chromatographed on=silica (60"es) 3exeloecm). 
eluting with solvent G followed by ethyl acetate to 
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Methyl 3,6-anhydro-7-deoxy-4,5-di-O-benzyl-D-glycero-D- 


(allo and altro)-heptonoate (85) 


A solution of the isopropylidene derivative (84) 
CheO0Sr a5 2s> mmo!) in=MeOQH=(30"ml ewas treateds with 
ANGC (Hi) resine (2.002) wand stirredwunder Let luxe ALter 
BURP anwaddltioOndle2 oo. gaol Tesinawaseaddedqr =e ATter 30 
h TLC revealed the reaction was complete (EtOAc/Skelly 


Dame l lye product Re eeOV7e = starctine material ae OF 5) 


The mixture was filtered through a celite pad, evapor- 
ated to a syrup, and purified by chromatography on 
Silica (>0Pem. oO xXe2Oecmh eer elution = with solvent 


followed by solvent B gave 680 mg (702) of 85 as a 


1 1 


syrup: IR (film) 1745 cn. (CO,Me), 3540 cm (OH); 


NMR (cDC1.,) Om ler Oma J6_7 =a6 9" HZ55 3s Ho; isomer 


Aye ole 19 Cds SMO RD ez Hos isomer B), 2.95 
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CHAC H,), TA PEN pe ol Gib oeed BO) 4 CoH.) MS m/e 386.1717 (0.06, 


Mic alcds POreC 2B6n1730)0- 29501170 (23224, 
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Methyl 3,6-anhydro-/-deoxy-4, 5~di-0O-benzyl-2-0-methane 


sulfonyl-D-glycero-D- (allo and altro)-heptonoate (86) 
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Amsc.ution of thela-hydroxy ester (85))(580 mg, 1.5 
mmol) in methylene chloride (5 ml) and pyridine (5 ml) 
at 0°C was treated dropwise with methanesulfonyl chlor- 
idemCcolUetic.mommmol min methyi_ene chloride. (206ml). Lhe 
sO Ut TOnmWwaSsmallowede to) standmate0-G torglen, at room 
temperature for 3 h, and then was treated with ice 
Wa Le rmandme ntla CeeCdawith Chlorotorm (59x 25 .m Ll) se athe 
organic phase was washed with 1N hydrochloric acid 
(2 x 10 ml), saturated aqueous sodium bicarbonate 
Cemex LOM) esa turatedabuine (2xel Oem). .driedaand 
evaporated to a syrup. This residue was purified by 
chromatography on silica (10 9,,01.8 x 13) cm), eluting 
WeunmsOlvy env teietOmeg  VemOloeMeu(GO,) BOlsOOsasma ESylUp. 


IR (film) 1760 meet (CO,CH,), 1365 and 1180 (SO,CH,); 


NMR (CDC1,) 6 1.17 (d, J,_¢ = 6.5 Hz, 3, HJ, isomer 
gen al 1a, Ji¢ =" 61-5: HZ 33, Ho, isomer B).. 3.04 
CSr 23 S0,CH,, LSOMG Tas) eS oe Si, SO,CH., isomer 
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isomer A), 3.40 = 4.60 \(m, 8, sugar and CoH.) nyt 6)S) 
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Methyl 3,6-anhydro-7-deoxy-2-0-methanesulfonyl-4,5- 
thiocarbonato-D-glycero-D-(allo and altro)-heptonoate 
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A solution of the 4,5-di-O-benzyl a-mesyl ester 
(86) (600 mg, 1.3 mmol) in 98% ethanol was hydrogenated 
OvVetmo ceed -CmCOUU Me )rat LOUQ"ps1 in a Parre pressure 
vedecrs After 48 h the mixture was filtered through 
celite and evaporated to give 260 mg (quantitative) of 
87 as a syrup. 

This residue was dissolved in acetone (10 ml) and 
treated with dimidazole thiocarbonate (1.1 g, 6 mmol). 
After 40 h the solution was evaporated. The residue 
was dissolved in ethyl acetate (30 ml), washed with 0.5N 
hydrochloric aad .@2 exe Oem), ssaturated brine *(2 x 710 
ml), dried and evaporated. This residue was rapidly 
Cheomacocrapred. on silica (100g, 1.8 x 13° cm), eluting 
with solvent “Bto give “400 img4(95%) of 88 as a syrup: 


IR (film) 1760 cm + (CO,CH,); UV (MeOH) max 237 nn; 


NMR (cDC1,) ise Dh geil: 16k Jo _¢ Sie) bas she Hos isomer A), 
BU css trond Oa be J5_¢ =e Ow 2 aes 5 Hy» sone rebel 2 Smee 
SO,CH,; fe OMe rath) geo 612.2 Sct). S0,CH,, isomer A) ,o.oe 
(S903: CO,CH,, is OMe rath) me sOAELCS , mpots CO,CH,, isomer 
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Methyl 3,6-anhydro-4,5, /-tri-deoxy-2-0-methanesulfonyl- 


D-(ribo and arabino)-hept-4-enoate (89) 


A solution of the thiocarbonate sugar derivative 


re» 


jo nel goio@ a 


f ee; =" a Th-2.e ey) Be 


(lomm £.1 \ge G08) aa) 


sy oh) 26 4en 960) Fb as save 


.feers8e0v 
i 


= A g< 


~ mn aot ’ &@ za32A4 
toe ottiss a 


y \on @I sg “Palas oagers 


wre @ on 38 ni 


—_ 
ci a jo 
rH of) gacdoan de Hee lgeeen 34 scSteor vist a 
- peoad te rdg “foet sgn? asl besser 7. 
- 
: foe sis & O# 2ea3A _ : 
: io GO) gubfeoe| Tedee as bevecrele eae - ‘ 
o 
india °*) Btss nizvalidsorbya 
y wéve tes botst . Ue a 37 
- ET as ‘o teder rgotaeotdo 


SB .E he 


Senedd 6209.09 A gw) 46.! ta 
a ; 


— age rial 2 © a” ‘ 


1 


anim f . ° - , 
ae. Ps goss * é 


(-0* ei AGeeehg of § daovics azte 
y 


Wont 3 hea wo GOVL twit) hotek 
“ah y HY eed OM, soma) sen a 
y ; ' cy sta 
hap Abney! gt. am ee aot 4) tees 


soe. 08 rekon? a 


ere 
Bees ig coat ee 


t wear t 


z_ 7% 


A 4) 
— 


116. 


(88) (350 mg, 1.07 mmol) in trimethylphosphite (5 ml) 
was refluxed under nitrogen for 4 h, concentrated under 
reduced pressure to remove excess trimethylphosphite, 
and rapiaiyechnomatorraphed Onastit cam O0) 2 .al so. x 13 
cm). Elution with solvent K gave 220 mg (82%) of 89 as 
awcheGarevascousssyrup. One tsomer was fractionally 
crystallized from ether-Skelly "B" (~30%): mp 106 - 


107°C; [a]S> - 14° (¢ 0.1, CHC1,); IR (KBr) 1730 cm ~ 
1 


(CO,CH,), 1620 cm (C=C); NMR (CDC1,) 6 1.28 GE aia, = 
EH 2 e3o Ho) sordid (Seo, S0,CH,) 53252 (3,3, CO>CH.)., 
DoS, aly UE ya SIS GC es SE) Eee SIO Kim ie Ul). 


noel He) ceOOn(mad, H))s Ms CI (NH,) Gen (Ma tes) 
BOSS MOST, ae aRshy iy. 
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ribofuranosyl)imidazolidine (90) 


A solution of the isopropylidene-protected imida- 
ZOlLUtGinemsupare (4) mC .o Ome we LOSmNO Leet ed tec lingh 
formamide (20 ml) was added to a stirred suspension 
of NaH (960 mg, 50% oil suspension, 20 mmol) in di- 


methylformamide (5 ml) at O°C under N ALtér J hiat 


im 
room temperature the solution was cooled to 0°C and 


treated dropwise with benzylbromide (2.38 ml, 3.4 g, 


10 mmol) in dimethylformamide (10 ml). The mixture 
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was stirred at room temperature for 3 h, quenched with 

methanol (2 ml), and poured into a mixture of methylene 
chloride (50 ml) and water (50 ml1)¥ The aqueous layer 

was extracted with methylene chloride (3 x 25 ml). The 

combined organic phase was washed with saturated brine 

(10 ml), dried and evaporated to a white solid. This 


solid was crystallized from methanol-chloroform to give 


4.45 g (91%) of 90: mp 148 - 149°C; [a]* - 14° (ce 0.11, 


CHC1.,); UV (MeOH) max 253 nm (€ 31,800), shoulder 293 
nm (€ 4,100); NMR (cDC1,) Om 1S? 42andS). 38s (ss, -3+3% 


C(CH,),); 3540 2=44780" (Cm, 465 °CH CHA); 430546q5 
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3,6-Anhydro-/-O-benzy1-4, 5-O-isopropylidene-D-glycero— 


D-(allo and altro)heptonamide (91 and 92) 


Asstirred ssolutionvopauhe ,-O-bénzyleinidazolidine 
susarm (90 /Gl2, Lo ss sues mmol) in methylene chloride 
(250 m1) at 02°C was treated with p-toluenesulfonic 


acid monohydrate (14.25 g, 75 mmol) in acetone 
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(Z0SnIyreeatter sl > mingansadditionalel§eg of thelacid, in 
acetone mend Jewastadded.) Afteraautotal*’reaction’ time 
of 20 min the mixture was diluted with methylene chlor- 
ide “2 005m) andgtiltered throughWalcelatespad . The 
filtrate was treatediwith’ solid NaHCO, (25 G0), refailtered 
through celite and evaporated to a syrup. This residue 
wasmdsnsesolvedaingl® 4 dioxane (250 mi) ocooled@to75 CG 
andetreatedewithesodiumacyanide K1S8ee) and potassium car- 
bonatesGsecypingwater 6250 nib) eeeAttecd 30Gminvati room 
temperature the»solution was cooled to O0°C and treated 
dropwise with 30% hydrogen peroxide (125 ml) over a 
permodsoiwoOgmine es Lhegymixtinetwasestirredgateo0°Gilfor 
an additional 30 min, (the reaction temperature slowly 
rose to 35°C then’ subsided) and was then diluted with 
water (600 ml) (to dissolve the solid precipitate) and 
.ethyl acetate (250 ml). The aqueous phase was saturated 
weeh sodiumechloridesandSextracted with ethyl acetate 
(3 x 50 ml). The combined organic phase was washed 
Withessatune beds brine=-3=x--20-ml)4--drred;*concentrated 
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The mother liquors were concentrated and purified by 
CuLOmaloshaphyvyeonesia [Cam (0c tex Loch) Ger LuULLons with 
solvent B followed by ethyl acetate gave 3.67 g (43%) of 
92 as a syrup with only a minor amount (<52Z) of 91. 

"Slower" isomer: [oe - 10°; NMR (CDC1,) cy EAE 
anda ees +S 5+ 3) sas Ora nde HO | CA BKemOCte tu, 


J 3 2 32 HZ. J5_41= Lenz ee ea Hos); 


S671 7 
4.10 - 4.75 (m, 11, sugar and CH,C,H.), 6.3 and 6.7 
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3, 6-Anhydro-2-0-acetyl-7-0-benzyl-4, 5-0-isopropylidene- 


D-glycero-D-(allo and altro)-heptonamide (93 and 94) 


Assolution of thesg—-hydroxy amides) loo 2 mG oe. 
3.5 mmol) in pyridine (200 ml) at 0°C was treated with 
acetic anhydrides (LU mm leone! Ome eo nO) ) Ac Ue eee 
at 0°C the solution was allowed to stand at room tem- 
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washed with 1N hydrochloric acid, 5% sodium bicarbonate 
solution, saturated brine (3 x 25 ml), dried and evapor- 
atCedmcOme Vem mOrs.o 4) 1013) See, quantitative). 


The "faster" migrating isomer (93) was obtained as 
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The "slower" migrating isomer (94) was obtained 
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3,6-Anhydro-2-0-acety1-4,5-0-isopropylidene-D-glycero- 


D-(allo and altro)-heptonamide (95 and 96) 


ASsoluttous ofthe /-O-benzyl=a-acetyloxy amide (93 
or 94) (4-002.5 10.55 mmol) in 967 ethanol! (100%m1) was 
hydrogenated over 54 Pd-C (2 -¢))atg60 psi. The reaction 
WaSemMOlTtLCOrcCaaoymerLG.(ethy laacetate. starting material 
Re = 0.75, product Ry =O. Jr Ce rou tne enix cure 
was filtered and evaporated to give 3.1 g (quantitative) 
of 95 or 96 homogeneous Boy IMAG yi cyl 290.1244 (3255 


MeecaT cdmrorec 290.1248), 275.0966 (13.99, 


1220s 
M'+1-CH,), 274.0933 (100, M’-CH,), 232.0824 (24.25, 


+ 
M +1-CH,-COCH,). 


S,OeAunyarno—2—O-acetyl A.) —-O-Lsopropy.liderne—/—O—-methane— 
sulfonyl-D-glycero-D-(allo and altro)-heptonamide (97 


and 98) 


Awesolution of the a=-acetyloxy amide (95 or 96) (5.0 
gel Oo MMOL) ei te py TLainem 300ml) “and CHCl, (307m) 
at O0°C, was treated dropwise with methanesulfonyl 
chloride (4.0 g, 34 mmol) in methylene chloride (10 ml). 
THemcObUCLON was clLetlLeacCmUmGeror Oo. 0, blitedmwilt a 
methylene chloride and poured into ice water (25 ml). 
The organic phase was washed with saturated brine 
(3 x 10 ml), dried and evaporated. This residue was 


chromatographed on silica (50 gm, 3 x 20 cm), eluting 


with solvent: B Eollowed by ethyl acetate to give 5.6 g 
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(88%) of 97 or 98 as a white foam. An analytical sample 
of the faster migrating isomer (97) was crystallized 
from chloroform-ether. The slower isomer (98) was 
obtained as a white solid foam. 
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3,6-Anhydro-2-0-acetyl-7-deoxy-4, 5-0-isopropylidene-D- 


giycero-D—Callosvand altro)—heptonamide (101) and 102) 


peo but Ono tne g/—O-mesy imide mivativ.emsG9 7 Omeo oy 
(5.0 g, 13.6 mmol) in 2-—butanone (200 ml) was treated 
Webhy sodtumetodide (4.08. em,.92/7.2) mmod)mand stirred 
Under eiwinrorpenaat nef iux for 20), gcooled Sand? evapar— 
weeds tOmanyellow paste. This» nesidue was Mdissolved in 
ethyl acetate (200 ml) and 5% aqueous sodium bisulfite 
(25 ml). The organic phase was washed with saturated 
Duane sw 25 mL), dried and vevaporated to eive aes g 
Gquantitative) ot (99 "orm 100) asa *colorlessisyrup: 
its 
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GigoucimancelatLespadeandpevaporated. =~ [ne mesiduemwais 
dissolved in ethyl acetate (200 ml) and washed with 
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(500 mg). The aqueous phase was extracted with ethyl 
acetate wo0x ZOUmI)S | thescombined@omeanic phase gras 
dried, evaporated, and purified by chromatography on 
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"Faster". isomer (101): The yield after chromato- 
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3,6-Anhydro-7-deoxy-4, 5-0-isopropylidene-D-glycero-D- 


(allo and altro)-heptonamide (103 and 104) 


Ase tutitongotsthe iWsacety boxy amide (1l0l “or 102) 
G4n0 52 44 6eanmel) in methanol (100 5m!) was treated ween 
SatuBatede methanolic ammontam( 00am!) mletteat O02: Lor 
HOG. and@then evaporated ftogcive 3.4e¢ (quantitative) 
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@.5 1" ccs "LO mmol) intipyridine (25)mL)) and) methylene 
chloride “G.0) mi), alt ec was? treated) dropwise, with 
methanesulfonyl chloride (5.7 g, 50 mmol) in methylene 
On Vor ides CuO mi) @ Attensa heat 0, Cethe solution was 
poreated withyapehip, of, ices dilutedswith™ ethyl, acetate 
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"Slower" isomer: (106): The product was crystallized 
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evaporated. The residue was chromatographed on silica 
C250¢,52.25xel8 cm), eluting with solvent 8 followed 
by ethyl acetate to give the desired product. 
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Methyl 3,6-anhydro-2-azido-2,7-dideoxy-D-glycero-D (allo 


and altro}-heptonoate (109 and 110) 


AmsOint lous otathe o-azidom amidew@10/ Jor 1108 )(1 5 
g, 5.8 mmol) in methanol (50 ml, dry. and distilled) was 
stirred at reflux with ANGC (H’) Tesin (5is¢ ea Adit 6% 64..05 
h an additional portion of resin (5 g) was added to the 
refluxing mixture, After a4 totals ref luxsstame) offi h the 
mixture was filtered using a celite pad, evaporated, and 
chromatographed, over silica, (20 ¢.0 2.3.x l2ocm).ee RLU 
tion with solvent B followed by ethyl acetate gave 1.15 
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Methyl 3,6-anhydro-2-azido-2, 7-dideoxy-2, 3-0-thiocarbon- 
ato-D-glycero-D-(altro and allo)-heptonoate (111 and 


DEA) 


—_—__—. 


A solution of the %-azido ester (109 or iL LO:) Epi 
5 mmol) in acetone (50 ml) was treated with diimidazole 
thiocarbonate (1.78 g, 20 mmol) and stirred at room 
Cemperatuve wmAttereltz ent LC ChCOAC)SkellyelB uel: js 
starting material Re =O.) me DLOGIC Re = 0.70) revealed 
the reaction was complete. The solvent was evaporated, 
the residue dissolved in ethyl acetate (100 ml) and 
washed with 1N iydrochloric acids (2) xv10%'ml), saturated 
brine (3 x 20 ml), dried and evaporated. This residue 
was dissolved in ether (50 ml) and rapidly filtered 
through silica (5 g). The silica was washed with 
ether (20 ml) and the combined ether solutions were 
evaporated toueiveul Zoe (924) of Lileor 112. 8 the 


faster moving isomer was isolated as a solid. The 


slower migrating isomer. was recovered as a stiff syrup. 


“Taster isomer (111): A sample was crystallized 


from ether-Skelly "B"; mp 95 - 96°C; IR (FT) (KBr) 


Gat a (CO,Me), 2120 anv (N,)5 UV (MeOH) max 238 um 
NMR (CDC1,) 6 1.43 (d, J7_¢ = 6 Hz, 3, HJ), 3.84 (s, 3, 
CONGH 050,420 /0(d, i) |W meet som lee) asnt seems 

Je_7 ~ Seis eT aka LA He) Sy Ada J, = 3.0 7HZ > 
J3_5 i COST MG ha Ba H3)>, ‘res ae GeO La. d., Joy mei beh BEA 
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Ifen emma 20LHz ais.) ; 


CoH, ,N,9,8: COS D420) we LS 9201S Se (132400 fa led .0397 


(20-07% 920708 33 0494 (26.53% ac)is 
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"Slower"isomer (112): this isomer was isolated as a 


1 1 


viscous syrup: IR (Nujol) 2120 cm (N,), 1745 cn 


(CO,CH,); UV (MeOH) 238 nm; NMR (cDC1.) 6 ie (ds J5_¢ = 


cH,), 4.14 (q, J, ,=J ~ 


6 H2; 35 Ho), 35°84 (s, ay Co 67 —6-5 
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die) 


= 3. OY Hz, J3_5 =9 6 95 2 ele H,)> in. Ole (de Ofs C, 
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e059 ee Css 6) 58 O50 COU me. D ete eC ee 


2-(R_and S)-amino-2-[2,5-dihydro-5(R)-methylfuran-2(R)- 


Vrletvanoiceacia (lio eands1 14) 


A solution of the thiocarbonate sugar (111 or 112) 
(273 mg, 1 mmol) in trimethylphosphite (25 ml) was 
stirred at reflux for 14 h under nitrogen, cooled and 
evaporated to a syrup. This residue was saponified 
with aqueous IN sodium hydroxide (20 ml) at 90°C for 
On Sesh wucooLed: to 0° Giwand) acidiit tied stomps 2 with 
aqueous 1N hydrochloric acid. This solution was 
applied to a column of ANGC(H’) resin (20 g) and the 


column was washed with 0.1N hyanochlorice acids (LOo0ems) 
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followed by water (200 ml). The product was eluted with 
0.5N ammonium hydroxide and the ninhydrin positive frac- 
tions were collected and evaporated to give 50 mg (322) 
Of ei lAPormelismas a tan colored solid. | By allowing a 
solution of 114 in acetonitrile-methanol to slowly 
evaporate, this product was obtained as a white micro- 
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23 . ae, 
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Cmae;) C.D (cel mg/ml LN HCl e@and@oN GHC), 


H,0), [a] 
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+2,200; ORD (c ~1 mg/ml, 6N HCl), 1,100: NMR 
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3528 =O PH Ze sss 
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5 7O0Ruz., = PS) May ay = MLA ay = 4.908 H 2,081 


J3_4 3-5 3-6 


H,); 5S. oumand 10. LOmCAB A. Ome Zio 


34-5 ay 


= 2 Hz, 2, H, and H,); NMR (400 MHz) (D,0) 6 1.34 
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57.4 (Cy), 83.6 and 84.6 (C3,C,), 125.1 and 136.0 (C,,C,) 
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and) 17270 (CO,H). 


The a-amino diastereomer 113 was recovered as a 


tan colored solid: mp 185 - 190°C; [ay = cprable gee aah iG 


HOU: Gpoicalmerotation wcalculated Lor a mixture of U1 


C2 jeg nde nme Loe) nal 35a LL ORemOU lio) G2 = 28 let 


f-s° (114, this work) x 0.18 = -1] = +27°; cD (ce ~1 mg/ml, 
IN. HCL) [8] = +1700; NMR (100 MHz, D,O) 6 1.38 (d, J = 
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filtered through celite and evaporated to give 115 (5 


mg) as a solid; CD (c = 2 mg/ml, 6N HC1) [6] = +2,000; 
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